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CHAPTER I. 



Scope of Treatise. 

It is proposed in a short treatise to look somewhat closely 
into the science and practice of brick drying. In confining the 
papers to brick drying especially, it does not follow that much 
which is stated does not apply to the drying of the more high 
class and artistic of the wares known in the ceramic industry, 
and some mention will be found of the treatment of such other 
wares in dealing with the general sub-division of the subject. 

Natural and Artificial Drying. 

To the brickmaker, the practice of drying bricks seems to 
divide itself obviously into two sections ; drying without heat 
or natural drying, and drying with heat or artificial drying. 
When examined scientifically, it is at once seen that this mode 
of expression is inaccurate, and that the correct way to describe 
the two methods of proceeding is : — Drying by large volume of 
air at ordinary temperature, and drying by small volume of air 
at artificially increased temperature. 

No drying, i.e.^ evaporation of water or moisture, can take 
place without absorption of heat. This fundamental fact is 
often lost sight of by the practical man, because a large volume of 
air will yield the requisite heat for the evaporation, without 
appreciable reduction of temperature 
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Fundamental Scientific Facts. 

In order to put the scientific facts with regard to evaporation 
of water in a manner easily appreciated by the unscientific, it 
may be stated that one pound of water at 62® F. requires the 
same amount of heat to evaporate it as would cause 7^ pounds 
of water at 62® to boil. 

Yet the one pound of water may be evaporated out of a brick, 
without the brick or the water being heated above 62®. But 
to perform this operation a certain volume of air must be 
provided at a rather higher temperature than 62® to yield the 
requisite heat and to carry off the vapour of water. 

Absorptive Power of Air. 

The second scientific feature of the phenomenon of evaporation 
of water is the capacity of air at all temperatures for carrying 
or containing moisture. This property of air is of the most 
vital importance in all questions of drying, because on it 
depends the success of all special methods of obtaining the 
desired end. 

The amount of moisture or vapour of water which air can 
carry, varies with the temperature. At every temperature below 
boiling point of water or 212^ F. it will carry a certain definite 
maximum amount. When this amount is reached, the air at 
that particular temperature is saturated. If now the tem- 
perature of the air is lowered by giving up some of its heat to a 
colder body, some of the vapour immediately becomes con- 
densed, forming dew. The temperature of saturation is also 
called the dew point, because of this phenomenon. Ultimately 
the colder body, the dew, the air, and the moisture in the air 
will, if undisturbed, all attain one common temperature, and the 
air will still be saturated with the maximum amount of vapour, 
which it can carry at the lower temperature. 

Suppose now that the air, instead of being cooled, is warmed 
to a higher temperature, it will then no longer be saturated 
with moisture, but will be capable of taking up an additional 
quantity. If then a moist body be introduced into the warmed 
air, some of the moisture will be evaporated or dried out of it. 
This will continue until q n^w condition of equilibrium is 
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obtained. Either the body will be completely dried ; or the 
body, the moisture in the body, the air and the vapour in the air 
will all attain one uniform temperature. In the latter case 
the air will be completely saturated with vapour, and incapable 
of taking up more. 

Subjoined is a table giving the weights and volumes of air. 
under mean pressure at a few different temperatures, which 
will contain, when saturated, i lb. of water in the form of 
vapour. 



Table I. 



Temperature. 


Weight of Air. 


Volume of Mixture. 


42 


178-18 lbs. 


2272 


cubic feet. 


52 


122-17 „ 


IS9S 




62 


8479 „ 


"35 




72 


59*54 ,, 


819 




82 


42-35 „ 


600 




102 


21-98 „ 


333 




132 


8*49 „ 


^51 




182 


1*402 ,, 


487 





The striking feature of the table is the rapid decrease in the 
quantity of air necessary as the temperature of it increases. 
It also shows that in the example quoted above, it is only 
necessary to raise again the temperature of the air to enable it 
to take up a further portion of water from the moist body. 

A curious feature in the behaviour of vapour and air is the 
fact that the addition of the one to the other causes but very 
slight alteration in volume. The air contained in a saturated 
mixture at mean temperature and pressure would, if dry, occupy 
9^)4 per cent, of the space occupied by the mixture. 

Saturated air is rather less in weight than the same volume 
of dry air. The actual weights of a cubic foot of dry and 
saturated air at 60^ ¥. unrler a pressure of 30 inches of the 
barometer being 536*3 grains and 532 7 grains respectively. 

In dealing with air as we find it in this country's climate, we 
have to take account of the amount of moisture already con- 
tained in it at ordinary temperatures. It is usually large ; on 
an average 66 per cent, of the amount at saturation. In damp 
weather it usuaUy exceeds this proportion, frequently attaining 
saturation, and in the driest weather it seldom falls below 40 per 
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Hygroscopes. 
Several forms of instrument are used for indicating the 
amount of moisture in the air, or for testing its drying capa- 
bility. The wet and dry bulb thermometer here illustrated, 
Fig. I, is perhaps the most reliable, though, except in skilled 
hands, most of them can only be taken as indicators rather than 
measurers, as they are dependent on their position, on the air 
currents, wind and radiation, for their accuracy of registration. 



Fig. I. 

As will be seen from the illustration, one thermometer 
indicates the temperature of the air. The bulb of the second 
is kept continually moistened with water by means .of a 
reservoir, wick, and muslin covering to the bulb. The evapora- 
tion of water from the covering absorbs heat from the mercury 
in the thermometer bulb, and causes it to register a lower tem- 
perature than the uncovered thermometer. 

The difference of temperature shown on the two thermometers 
is an indication of the rate at which the air is drying water 
from the cotton covering. 
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This instrument at the same time illustrates the fact that 
heat is absorbed in the process of evaporation. 

In this country the average difference shown on the thermo- 
meters is 5*^ in summer and i*^ in winler. In tropical dry 
climates it attains as much as 12^. 

Messrs. Negretti & Zambra issue with their instruments a 
pamphlet by Mr. James Glaisher, F.R.S., containing tables for 
use with the wet and dry bulb thermometer. With their aid 
the humidity of the atmosphere can at any time be estimated. 

Such then, are the fundamental and important facts in con- 
nection with evaporation of water, and it will be seen later the 
bearing they have on the various processes in use for drying 
bricks. 

Natural Drying Explained. 

It will be instructive now to examine the conditions which 
obtain in the old and still much used method of open-air drying 
of bricks on the ground or in hacks. A description of the 
methods will be given later, but it is proposed here to 
demonstrate the science of the process. 

A stock brick as produced in Kent and Essex, will contain, 
when made, about 2 lbs. of water, and when dry, % lb., showing 
that water of manufacture to the amount of about i % lbs. is 
dried out of it. 

Now at 62® F. this requires 1,606 English units of heat for 
its evaporation. A unit of heat is the amount required to heat 
I lb. of water i® F., and the above quantity is yielded by the 
burning of about 2% oz. of ordinary coal. 

In outdoor drying the source of heat is the sun, which warms 
the air. The air in its turn gives up heat in evaporating the 
water. 

Now presuming that the stock brick takes a fortnight to dry 
and loses its moisture at a uniform rate throughout that time, it 
will be seen that it requires 4I units of heat per hour to perform 
the drying. Presuming* that the air passing over the bricks 
loses i*^ only in giving up heat to the brick, it will require 

— ^bZi — as 20 lbs. of air to supply the requisite heat per hour. 
I X .237 

In this calculation .237 is the Specific Heat of air, that of water 
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being i. This weight of air corresponds to 265 cubic feet at 63^. 
Thus if the brick is subjected to a current of air of J of a square foot 
in section (36 square inches), the speed of the current necessary 
would be 1060 feel per hour, or one- fifth of a mile only. Such 
a speed of air movement is practically too slight to be felt. It 
can be seen further that if this current of air contained 63% of 
moisture, it would contain 67% after passing over the brick 
and being reduced i*^ in tempetature. 

It is evident, therefore, that in outdoor drying in summer the 
changes in temperature and humidity of air, when there is a 
moderate wind, are so small as to be inappreciable. Neverthe- 
less, the actual conditions are of such importance that at aver- 
age temperatures and humidity of air, drying is not possible 
outdoors in this country in winter, even apart from the con- 
sideration of danger of freezing. 

The Drying of a Brick. 
It is of importance now to consider the process of drying 
within the brick itself and to see how it is affected by different 
influences of material and method and speed of drying. 

Material. 

When a brick is made by plastic process the clay has added 
to it ** water of manufacture *' in various proportion, according 
to the nature of the clay and the method of manufacture adopted. 
In a brick, in a tmly plastic condition, this water fills all the 
interstices in the clay so that no air is enclosed in it except 
accidentally. 

At a certain consistency, such as it has when fit for being 
formed into a brick, clay is in a pasty condition due to the 
particles being more or less close together, and it may be de- 
scribed as being traversed throughout by minute pores filled 
with water. The finer the clay particles, the smaller and the 
more numerous the pores. Thus, th^ purer a clay and the 
finer its particles, the more porous it is. 

Porosity and Permeability. 
At first sight this seems contrary to experience, but it is 
necessary further to explain that porosity must be distinguished 
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from permeability. The finer the pores in clay, the more diffi- 
cult it is for water to pass through them, because of the great 
resistance which the surface tension of water exerts at the ends 
of fine tubes. One can test this in a simple manner with fine 
glass tubes. Take a tube with a bore, say, of one-eighth of an 
inch, and see with what ease one can suck up water into it, and 
expel it again. Now try the same with a broken thermometer 
tube and the difficulty or impossibility of doing it will be at once 
apparent. A proof that strong clays are actually more porous 
than sandy ones, is found in the fact that they take a larger 
percentage of water of manufacture to make them sufficiently 
plastic for moulding. 

In spite of the smallness of the pores, heat is able to act on 
the surfaces of the water in the tubes, causing evaporation. 
Capillary action then commences, and the internal water moves 
through the pores towards the surface. 

The properties, then, of a pure clay, are porosity and impennea- 
bility. Now, as sand or other particles are mixed with clay, so 
the porosity decreases, and the permeability increases, the 
relative difference depending on the proportion, shape, and size 
of the particles. The greatest permeability and least porosity 
are found in clay containing large particles of irregular shape. 
The projections on the particles catch against one another, 
preventing contraction of the mass of the earth. The pure clay 
is not sufficient in quantity to fill completely the spaces 
between the particles, thus leaving comparatively large 
channels through which water can pass. The channels 
are, nevertheless, much fewer in number and less in total volume 
than the pores in a strong clay. 

Physical Phenomena in the Drying Process. 

The process of drying clays when made into bricks, varies 
with these qualities of porosity and penneability. When drying 
a porous strong clay, the water at first evaporates from the 
surface and is replaced by capillary action from the interior, the 
brick contracting by the same amount as the water diminishes. 
The pores remain all filled with water until the rate of evapora- 
tion exceeds the rate at which the pores transmit the water. 
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This point occurs when the clay particles move so much less 
freely on each other, that the rate of evaporation exceeds in 
volume the rate of contraction. After the first stage of surface- 
dryings, the exterior of the brick loses water more rapidly than 
the interior. In the second stage now reached, the pores are 
no longer filled with water at their outer ends, and begin to form 
spaces in the brick, filled with air and vapour. Contraction 
still occurs throughout this second stage until the substance of 
the clay is so far solidified that the individual particles can no 
longer slip on each other at all. The third stage is then reached, 
in which capillary action and shrinkage cease entirely. 
Evaporation now takes place entirely inside the brick, and 
spaces are formed exactly corresponding with the volume of 
water lost. 

Scumming in Drying. 
In a strong clay, the long duration of the first stage and its 
accompanying capillary action is the cause of the scumming 
which occurs in drying. The soluble salts in the clay are held 
in solution by the water, and are deposited on the surface by it 
as it evaporates. If the surface-drying is of short duration, 
the salt deposited is almost inappreciable, but the longer 
the duration the more the deposit. Excess of water on the 
surface of the brick caused by the lubrication of a machine die 
or a coating of oil, will increase the duration of surface-drying. 
The effect is frequently illustrated by the marks seen on 
strong clay bricks after burning, where workmen's oily fingers 
have touched the faces. The coating of oil has lengthened 
the duration of surface-drying where the fingers have touched 
the brick. In firing in the kiln, the soluble salts are largely 
converted into insoluble ones by combination with the silica 
of the clay, or by combination with the sulphur in the coal and 
the alumina of the clay. 

Means of Diminishing Scumming. 

This form of scumming can be diminished, if not altogether 
prevented, in several ways, and it would perhaps be of value to 
mention them at this point. 

By sanding the surface of the brick a greatly increased 
evaporation can be obtained in the first stage from the actual 
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surface itself. The effect of this is to form a very thin skin of 
drier clay through the many interstices of which the evapora- 
tion of the first stage is completed. The salts, instead of being 
deposited outside on the face, are left for the greater part just 
below this skin, and are not seen. 

By a rapid evaporation in the earlier part of the first stage of 
drying a similar effect may be produced. 

By applying a thin coating of flour paste, which is very 
porous, the deposit of salts in drying is formed on the surface of 
the paste instead of on the clay. When fired, the salts are not 
in sufficiently close contact with the clay to enter into com- 
bination with it, and can be brushed or washed off. The 
flour, of course, is burned away in the kiln. 

By washing or painting the faces with a slip of the 
same clay, when the brick is dry or half dry, an effect 
is produced which needs no explanation. It is a process 
largely in use in the manufacture of architectural terra- 
cotta. 

By the admixture of a certain proportion of carbonate of 
baryta with the clay when pugging, an insoluble compound is 
formed with such soluble sulphates as are present, and this con- 
sequently remains in the body of the brick. This process has 
no effect on soluble nitrates and chlorides, which may be 
present in the clay, and is, therefore, only a partial remedy 
depending on the salts present. It is well to have an analysis 
of the clay before trying this remedy. 

Returning now to the consideration of the physical phenomena 
of drying, it is evident that the same three stages are operative 
in the case of a brick made of permeable, sandy clay. The 
first stage is, however, much shorter in proportion, for three 
reasons: — A smaller proportion of water of manufacture is 
added to the clay, capillary action is less operative in the 
larger spaces between the particles, and the evaporation is 
more rapid in proportion to the shrinkage. The danger of 
scumming is consequently much reduced, but even with these 
clays it occurs frequently in the damp, cold weather of late 
autumn, in out-door drying. 
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Diagrams of Brick Drying. 
Experiments on many samples of clays give figures bearing 
out the preceding statements, and graphic representations of the 
results as shown in the diagrams, Figs. 2, 3, 4 and 5, are obtained. 
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In these figures the vertical lines represent volumes and 
indicate volume of clay, water, spaces and shrinkage of a brick 
at different stages. Each figure is divided by its vertical lines 
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into the three stages of drying before described. The extent 
of the horizontal line represents time in drying. In each 
figure A B is the volume of clay, and B C the water at the 
commencement. At the end of the first stage, taking B D hours, 
the volume of water remaining in the brick is D E, and the 
shrinkage in volume is E F. 

At the end of the second stage, taking D G hours, the volume 
of water is reduced to G H, and the shrinkage (now complete) is 
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Fig. 3. 

J K. It is consequently evident that there is a volume H j of 
spaces in the brick. At the end of the third stage, which is 
reached in G L hours, the water is gone, and as the brick has 
not shrunk further, the volume of spaces in the brick must be 
L M. These diagrams (Figs. 2, 3, and 4,) bring into prominence 
the variations obtaining as the clay is more and more sandy, 
showing the decrease, (i) in the time of drying, especially in the 
first two stages ; (2) in the water necessary for manufacture ; 
(3) in the shrinkage ; and (4) in the spaces in the dry brick. 
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Fig. 5, which represents the results obtained with china clay 
dried under the same conditions, is interesting, as it shows the 
difference in character between plastic earths and kaolins. Here 
the first stage is very short, the water of manufacture is large, 
the drying is quick, the shrinkage is small, and the spaces con- 
siderable in volume in the dry clay. 

It must be stated that these diagrams are typical only of the 
various qualities of plastic clay and not absolute or invariable. 



"S. F 


K 






E 




SKr;«k«^« \Z^% 




^ e^a<«« l«% 


M 

L 


P 


G 






^And 


,cujfci.*;i 




itfH^s 


4.2 Hrs 


t»H« 





Fig. 4. 

The method of obtaining them is as follows : — 
Bricks are made of one standard size from various qualities 
of clay, half-a-dozen or so being made of each kind selected. 
They are all weighed and measured carefully, and all are placed 
at the same time in a chamber warmed and ventilated in a 
uniform manner. 

The bricks are maintained in this uniformly-drying atmos- 
phere till they are dry and are weighed and measured at regular 
'intervals. During the first stage they must be very frequently 
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meksured, during the second less frequently, and during the 
third at still longer intervals. 

The loss in weight at each measurement gives the loss of 
water by evaporation, whereas the change in dimensions gives 
the loss in volume of the brick. The volume of water lost by 
evaporation is easily calculated from the weight by the known 
relation that one cubic inch of water weighs 0*578 oz. 
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Fig. 5. 

Now as soon as the loss in weight commences to be greater 
(in its equivalent volume) than the loss of volume of the brick 
by shrinkage, the first stage of drying is completed and the 
point E determined. 

The end of the second stage is determined simply by the 
cessation of change in the dimensions of the brick. 

The actual volume of clay in a brick is calculated by deduct- 
ing the volume of water lost in drying, from the original volume 
of the wet brick. 

The percentages given are percentages of the total original 
volume of the wet brick, which is taken of course as 100, 
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The numerical statement of the results of the experiments on, 
for instance, the clay used for Fig. 3, is as follows : — 
Table II. 



Time Drying. 
Hours. 


Volume of 

brick. 
Per cent. 


Volume of 
water lost. 
Per cent. 


Consequent 

volume of spaces 

in brick. 

Per cent. 


f ° 


lOO'O 


o-o 





I St Stage < 12 


94 -o 


6-0 





^ 25 


87-5 


12-5 





r ^t 


830 


i8-5 


1*5 


2nd Stage J ^8 


80 -o 

78-0 


24-5 
29-0 


4*5 
7-0 


1 69 


766 


31-0 


80 


} 72 


76-6 


32-0 


9-0 


3rd Stage J ^ll 


76-6 
76-6 


34*o 
37 5 


ii-o 
14*5 


1 144 


76-6 


40 "O 


16-6 



The figures are here stated for approximately every twelve 
hours, to sxve space and unnecessary detail, but the actual 
measurements are of course taken much more frequently. 
The results tabulated are the means of several sets of measure- 
ments on each kind of clay. 

Effect of Consistency. 
If a clay is made by hand, it must be prepared in a suffi- 
ciently soft condition to fill the moulds completely, and, there- 
fore, requires the addition of more water of manufacture than 
if made by machine. It is of interest, therefore, to point out the 
effect on the shrinkage and the volume of spaces when dry, of 
the addition of different quantities of water to the same clay. 
Taking 100 parts by volume of an average mild clay such as that 
illustrated in Fig. 3 experiment shews that : — 
Table III. 



With the addition to 
the dry clay of; — 

* 10 per cent, water. 

IS 

20 

25 



A shrinkage in volume 

when dried will occur 

of:- 



4 per cent. 
II ,, diff. 7 
20 „ ,, 9 



diff. I J 

n 2 
M 2i 

* Of these quantities s per cent, is in each case hygroscopic water, which is not 
dried out till steamed in toe kiln. 



10 



And the 5p>aces will be 
of the total volume 
of the dry brick : — 



21 per cent. 

22i „ 

24i ,, 
27. M 
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This table shews that the less the water used in manufacture 
the more solid is the resulting brick. 

If, now, the bricks made with varying amounts of water 
of manufacture are subjected to exactly the same con- 
ditions of drying, the rate is not proportional to the amount of 
water added, but takes longer in proportion for those with less 
water. It takes approximately proportional time in the first 
two stages of drying, but the more solid the brick, the longer it 
takes to eliminate the water in the last stage. It follows also 
from this, that want of uniformity in the substance of a brick, 
such as must exist in bricks made by hand, and in a less 
degree in those made through a die or in a press, causes a 
corresponding want of uniformity in the shrinkage and rate of 
drying in different parts of it. This is one cause of the warping 
or twisting of bricks in drying. 

Effect of Rapidity in Drying. 

The shrinkage of a brick is also affected by the rapidity 
with which it is dried, a point which is noteworthy, because of 
the increasing use of rapid-drying systems at the present time. 
The shrinkage is less with rapid drying, probably because the 
clay particles do not have time to accommodate themselves so 
perfectly to new positions in the course of the process. 

Experiment has shewn that on bricks made with a given 
sample of clay, the shrinkage of one dried in 48 hours was y^ 
per cent, lineal, and of one dried in 15 days was 8>^ per cent. 

Effect of Size and Shape. 
In all classes of clay, the brick in the second stage of drying 
loses water more rapidly on the outside than in the inside, the 
angles and arrises in their turn drying morerapidly than the faces. 
The consequent shrinkage of the outer layer is the frequent 
cause of cracking, and it is therefore necessary to pursue 
this stage with great caution, and to effect the drying 
with air already heavily charged with moisture. It is also 
for this reason essential to avoid excessive prominence of any 
part of a shaped brick, and it is advisable to follow the shaping 
with hollows so as to maintain an approximately regular thick- 
ness of material throughout. The frogs or indents on both 
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sides of a common brick are serviceable in drying for the same 
reason. In a re-pressed brick they serve also the additional 
purpose of rendering the consistency more even throughout. 

For objects of reasonable size the rate of drying is approxi- 
mately proportional to the ratio of surface to volume. Objects 
of large size, however, take much longer to dry, and require the 
application of considerable heat to complete the removal of all 
the water of manufacture from the interior. Many large goods 
made of fire-clay and stoneware clay require extremely careful 
treatment, and have to be kept in a heated atmosphere for 
several days after the moisture has apparently all been removed. 
Disastrous results are frequently known to occur in the steam- 
ing operations in the kiln for want of sufficient care in this 
particular. Manufacturers frequently adopt a wise precaution 
in having such goods stamped with the date of making, and in 
holding their workmen responsible if they are rendered un- 
sound by being burnt before the lapse of a stated period of 
drying. 



CHAPTER II. 



Sub-Divisions of Practice of Drying. 
The practice of drying as before stated divides itself naturally 
into two sections : — (i) Drying by a large volume of air at 
ordinary temperature, and (2) drying by a less volume of air at 
artificially increased temperature. To this may be added a 
third method in use in the potteries, but not used in brick 
manufacture ; that of drying by absorption. 

Drying by Absorption. 
To notice it in passing, it should be stated that it is a method 
in which moulds are used, made of plaster of Paris. This 
material, when dry, absorbs moisture rapidly from clay in 
contact with it. There are several important precautions to be 
observed in the manufacture of the moulds, and they must be 
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dried after use to fit them for the same function on the next 
occasion. The method serves to stiffen moulded pottery, such 
as lavatory basins, closets, and other large ware, so that when 
removed from the moulds it may be handled without de- 
formation. 

As this process is not used in brickmaking, it is not necessary 
to go into its details in this treatise. 

Open-Air Drying. 

The oldest and most used method of drying bricks is by large 
volume of air at ordinary temperature. This is practised in a 
variety of ways, simplest of all of which is, open-air drying with- 
out protection of any kind. Even at the present day this 
method is in use on the Continent. A level piece of ground is 
evenly spread over with sand upon which newly made bricks 
are placed in rows on their edges. This method is to be seen 
in practice near Buda-Pesth, in Hungary, without pro- 
vision being made for protection at any time. In some places 
the bricks are only left so exposed until sufficiently stiffened to 
be picked up and stacked in hacks or blocks. When so stacked 
they are skintled in a manner to be presently described, and 
they are protected by a covering of straw till ready for burning. 
An improvement on this primitive method is known as drying 
on hacks. 

The Hack Ground. 

An even surface of ground of suitable extent is selected and 
a series of straight hacks constructed on which to place the 
bricks. Due care and forethought are necessary in deciding the 
direction of the hacks. The most important consideration in 
determining this, is provision for cheap and efficient drainage, 
as it is essential above all things that the ground should not be 
liable to become flooded by storms, or to retain water and 
remain damp long after rain. 

The most suitable direction, if possible, is due north and 
south, so tliat both sides of a hack may receive an equal amount 
of sunshine, and so that neither side may be subject to the 
direct rays of the midday sun. Some authorities are of opinion 
that the hacks should be constructed broadside to the most 
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prevalent winds, but it is manifestly preferable .to make them 
end on to the direction of storms, so that neither side is directly 
exposed to their effects. It is also preferable to give the strong 
wind play directly through the pathways between the hacks, so 
that moisture is carried away equally throughout. 

If possible, therefore, in this country the hacks should extend 
either north to south, or north-east to south-west. 

The ground being selected, and the direction of the hacks 
determined, it is necessary to insert next, just below the general 
level of the ground, such conduits as may be necessary to carry 
off rain rapidly and completely. Agricultural land-drain- 
pipes in i2-in. unsocketted lengths, and 3-in. internal diameter, 
are efficient for drainage when the pathways of the hacks do not 
slope suitably to carry oflf water without such aid. These should 
be placed under the hacks and under the pathways in the 
requisite direction, and at intervals of 10 or 15 yards apart. 

The centres of the hacks should be spaced from 10 to 12 feet 
apart, and the hacks themselves formed 2ft. 6in. wide. They 
should be made about 4in. high above ground level, by banking 
up a layer of earth which may be afterwards topped with clean 
sand, evenly spread. It is a very good practice, serving at the 
same time to provide drainage and form the raised hacks, ta 
turn up the soil from small trenches along the sides of each hack, 
and down the middle of each pathway, as indicated in cross 
section by the diagram (Fig. 6). 

This diagram, at the same time, shows the land drain pipes 
before mentioned as a provision for carrying off water trans- 
versely when required. Hacks are usually constructed of 
considerable length, 80 yards being perhaps an average. A 
ground to carry a million during our summer season would 
require 16 to 18 hacks of this length. The whole ground there- 
fore for this output will occupy a space 80 yards long and 
64 yards broad, or exactly one acre. It is practically not 
possible with most clays to fill and dry each hack more than 
four times in our summer season 

Hack Setting. 
Each hack is constructed to carry two blades or rows of bricks 
set on edge, there being a space of about 8ins. between the 
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blades. The bricks themselves are separated from one another 
in hacking, by means of the setting boards by a space of three- 
eighths to five-eighths of an inch, the bricks in the second row 
covering the spaces between those in the first row on which they 
are set (Fig. 7). The bricks may be set as much as 8 or 9 high, 



Fig. 7. 

but this must be done gradually, the whole ground row being set 
first, then the whole second row and so on. This is necessary 
in order that the bricks below may get sufficiently stiffened to 
bear the weight of those above them. The setting board which 
is used to space the bricks is of the same dimensions as the 
pallet board, but of the special thickness decided on in each 
particular brickyard. It is retained in the hand of the hack- 
setter after setting each brick, the pallet boards being replaced 
on the off-bearing barrow. 

When wire-cut bricks are set on hacks the bricks are taken 
from the boards one or two at a time by means of two small 
pallets, one in each hand of the setter, which are placed on the 
ends of the bricks to hold them when lifted. Manufacturers 
should never allow the workmen to do this with their bare 
hands. 

Hack Covers. 
Three methods are in use for covering open hacks apart from 
protection of the sides. The first and most primitive is by 
means of loose straw. For this purpose hard and long wheat 
straw is necessary. A wisp is laid longitudinally on the bricks, 
and on that a thick layer transversely, extending well over both 
sides. This method is expensive and wasteful, and is super- 
seded in these days by the use of (2) portable hack covers, 
either of straw or wood, or (3^ erected hack roofing. Wood 
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is preferable for hack covers, in the majority of cases, 
but straw is essential with clays liable to crack and warp in the 
earlier stages of drying. The wood cover transmits a good deal 




of heat on sunny days, and also allows more circulation of air 
along the top row of bricks than is admissible in such cases. 
Either wood or straw covers are conveniently made i yard in 
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length and 3^ to 4 feet wide. This size is portable and easily 
handled without damage. The wood hack cover here illustrated 
(Fig. 8), is constructed of :— 

II boards 2ft. 3in. by 6in. by fin. (a) 

3 „ 2ft. 6in. by 6in. by fin. (d) 

2 fillets 3ft by I Jin. by fin. (c) 

I ridge and 2 purlins (d) cut out of a batten 3ft. by 4111. by 
ijin., in -the way illustrated by Fig. 9. Two of the boards, 



,T^«; 




2ft. 6in. by 6in., are nailed across from purlin to purlin as 
** collars *' serving to hold the cover to shape and at the same 
time to support it on the hack of bricks. The third board, 
2ft. 6in. long, projects at the ridge, forming a convenient 
means of handling. 

The wood for these hack covers, ready sawn and bundled, 
may be bought sometimes from firewood-timber merchants as 
cheaply as lod. per set, but usually it costs i/i or 1/2 per set. 
The making up is worth from 2d. to 3d. each. 

The hacks of bricks are also protected at one or both sides 
by sacks, mats or boards. The Petersburgh imported bast 
mats, 6ft. by 3ft., costing about 6d. each, are used largely for the 
purpose, keeping off sun and wind, but allowing the passage of 
a moderate quantity of air. 

LOO-BOARDS. 
Boards for side protection of the bricks, called variously 
LoOy lew or /^«//«-boards are conveniently made in 6ft. 
lengths, 2ft. 6in. wide. Corresponding with the use of straw 
or wood covers, these may be made of straw or wood. 
For those made of wood, the top boards should be three- 
quarters of an inch thick, and the others half an inch. Two of 
the bracing ledges may be extended to a length of 3ft. 6in. to 
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form legs as shewn in Fig. 10. They should be 3in. by i Jin., 
and the middle one 2in. by ijin. 



Such are the usual provisions for protection of bricks against 
weather on an open hack ground. For a common brick they 
have the merit of cheapness and portability, and in winter they 
can be packed away under cover. The yearly repair bill is 
however a considerable item. 

Skintling. 
After a hack is filled 8 or 9 high, the bricks are allowed 
sufficient time to become stiff enough to handle with one hand, 
a condition attained by hand-moulded bricks in one-third to one- 
half of the time required for complete drying. On reference 
to the diagrams (Figs. 2, 3 and 4, pp. 10, 11 and 12), it will 
be seen thaf. shrinkage is nearly complete by this time 
and clanger of cracking is practically passed. The bricks 
are then sMntled^ with the exception of the two or three 
bottom rows which are considerably drier than the upper ones. 
A short portfon of the hack being cleared at one end, the bricks 
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are picked up, one in each hand at a time, and set on the cleared 
space diagonally on the blade, and one inch apart The bricks 
in one row are crossed now at right angles by those in the next, 
and the hack is set one brick higher to allow for the additional 
space taken up. Fig. 1 1 illustrates this practice in plan. 




Fig. II. 

The hack does not after skintling require so much protection 
against wind and sun, and both covers and loo-boards may be 
removed during the daytime on fine days. 

Skintling for Pressing. 
When hack-dried bricks are to be pressed, the skintling must 
be done at an earlier stage. The bricks must be handled one 
at a time with both hands, and the end originally next 
the pathway turned inwards for the double purpose of preventing 
that end from much further stiffening, and of obtaining an in- 
creased stiffening of the end previously turned inwards. A day 
or two later the bricks will attain a fairly uniform consistency 
suitable for the pressing operation, after which they are again 
set in skintle for final drying. When hacking bricks intended 
to be pressed, it is advisable to stack them only six high, and to 
set the two bottom rows with common bricks which will not be 
pressed. Mats or sacks are also frequently used for protecting 
the outer ends of the bricks against excessive stiffening till they 
are ready for the press. 

Hack-boards and Tiles. 
In damp situations the hacks are liable to remain damp for 
long periods so that an earth bed without other covering will 
not allow the bottom row of bricks to dry satisfactorily. Hack- 
boards or hack-tiles are then employed, with advantage, on 
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which to set the blades of bricks. Hack-boards are made in 
long lengths, two boards 5 or 6 inches in width and from i to 
1} inches in thickness, being held together edge to edge by 
transverse ledges 3 inches wide and 2 inches thick at suitable 
intervals (Fig. 12). 




Fig. 12. 

Hack-tiles present distinct advantages over hack-boards, in 
that they are cheaper when home-made, are imperishable and 
do not require removal in winter. They can be made in an 
ordinary pipe machine in I2in. lengths, tubular, and 4jin. by 
2 Jin. in rectangular section (Fig. 13). 




Fig. 13. 

If home-made and a little irregular it is well to spread a 
thin layer of sand on hack-tiles before setting the bricks on 
them. When drying common drain-pipes on hacks, nothing 
is better than a row of burnt pipes of the same diameter placed 
in a similar manner on the hack. Hack-boards or tiles allow 
a passage for air underneath the blades of bricks so that 
damp air is not so liable to stagnate against the ground, and 
moisture is not drawn up from the ground by the brick. 

Erected Hack Roofing. 
On permanent hack grounds it is frequently customary to 
fix the hack covering on posts at a given height above the 
ground. The roofing material may then be straw or wood as 
for portable hack covers, and in many yards common pantiles 
are in use. This last form has not much to recommend it, as the 
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tiles are heavy and require adequate strength in the posts, 
framing and rips to support them. Preference should certainly 
be given to boarding about }m. thick, which may be supported 
on framing as shewn in Fig. 14, the posts being placed 10 feet 
apart along the centre of the hack. 

Erected hack roofing is best arranged with the hacks spaced 
about 9ft. apart from centre to centre. It is usual to board up 
both ends of each hack closely and the full width of the roofing. 
For the protection of the sides of such hacks against wind, sun 
and rain, loo-boards or mats may be used. There are many 
ingenious arrangements in use for the protection of bricks under 
erected hack-roofing. Mechanical devices have been intro- 
duced for raising or lowering the roofing itself and for 
performing similar operations with side shutters. These 
devices are, however, as a rule, expensive to erect and unsatis- 
factory in work. In consequence of long exposure to weather 
they are likely to become greatly deteriorated. 

One of the simplest and most efficient methods is shewn 
in Fig. 14. A series of short rafters a, 2ft 6in. by 3in. by 
I Jin. and 5ft. apart, are nailed at one end to the hack 
roof purlin ^, and at the other to a light ridge r, 4in. by lin., 
which is continuous throughout the length of the hack. 
Shutters dy hinged at e, rest on the rafters on both sides of the 
ridge when closed, with a narrow space for ventilation between 
their lower edges and the hack roof. Each shutter is made up 
of five boards, 5ft. by 5iin. by Jin., held together by three 
ledges, 2ft. sin. by ijin. by lin. In order to be able to take 
off and store these shutters in winter the hinge is made up of 
two screw eyes, and a pin as shewn in Fig. 15 in detail. A pin 




Fig. 15. 
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i s screwed to one end of a shutter and a short screw eye to the 
other. The long screw eye is screwed into the rafter. On 
putting the pin through the screw eye in the rafter, and the 
screw eye on the next shutter, a complete hinge is formed. 
These shutters may be easily manipulated according to 
necessity, either or both sides being open or closed. During 
storms when the shutters are closed the greater part of the rain 
drips off the shutters on to the hack roofing, and thence to the 
drainage trenches on both sides of the hacks. Driving rain, 
strong wind, and sunshine are completely and easily baffled from 
any direction. A hack ground equipped in this way provides 
very efficient protection to the bricks to be dried and ample 
ventilation. At the same time, the bricks are not damaged by 
contact with the covering or the side protection. 

Other Forms of Hack Roofing. 

Two more forms of erected hack roofing should be mentioned 
before leaving this part of the subject. The construction illus- 
trated in Fig. 1 6 is very convenient for covering bricks which 
do not easily crack and warp if dried quickly. The roofing is 
higher from the ground and consequently admits of more 
ventilation than that previously described. At the same time 
the form of framing renders the whole more rigid, and less 
dependent on the strength and soundness of the individual posts. 
Loose boards braced together in lo or 12ft. lengths, 2ft. wide, 
which may be shifted as desired to either side of the gangway, 
give a means of protecting the bricks against driving rains. 

Continental authorities recommend the use of racks covered 
singly with roofing as shown in Fig 17, or in pairs ; the gang- 
way between the racks in a pair being under cover. The chief 
advantage claimed for such arrangements lies in the fact that 
the bottom rack is placed higher above the ground, and the 
lowest row of bricks is better and more quickly dried than is 
possible with the usual method of hack setting. It is stated 
that a brick will dry at a height of 9ft. above the ground level 
in half the time it will when set on the ground. 

It is doubtful whether this system can really be recommended 
for out-of-door drying, in consequence of the great extra cost of 
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construction, and also because the bricks would require much 
protection and watching to keep them from drying too rapidly. 
It is a system which may be adopted to advantage under 
large shed roofing, where a better class of brick is made, and 
where no special means are necessary for the protection of 
the individual racks against wind, sun and storm. 




Fig. 17. 
Frost. 
Before quitting the subject of out-door drying, a word is 
necessary on the subject of frost. The season for out-door 
drying is restricted, by the consideration of danger of freezing, 
within narrower limits than would be imposed solely by the 
question of the drying capacity of the air. March winds are 
proverbial, and fine weather often entices the brickmaker into 
an early commencement of out-door making ; yet both in March 
and April severe frosts sometimes occur, which would destroy 
newly-made bricks exposed on hacks. Similarly in the latter 
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half of October, and early in November, fine weather is 
frequent enough to make the brick manufacturer regret that he 
has not prolonged his making season by a week or more. Yet, 
in the usual way, he dare not do so, for fear of unexpected 
frosts. 

Forecasting Night Frosts. 

There is, however, a way of forecasting the occurrence of a 
night frost, in the course of the preceding afternoon, which if 
more commonly known and practised, would enable brick- 
makers to take precautionary measures, in time to save their 
bricks from its effects. One may even foretell the mean tem- 
perature of the following day by the same means, an hour 
before sunset. 

The only instrument required is the "wet and dry bulb 
thermometer," illustrated on page 4 (Fig. i). It has been 
established by a long and careful series of observations, 
that the reading of the wet bulb thermometer in the shade 
between two and three in the afternoon exceeds the lowest 
air temperature of the succeeding night by 7} degrees 
Fahr. One has, therefore, only to take the wet bulb reading at 
that time, and deduct from it seven degrees, and if the resulting 
figure is less than 32 deg. there >yill certainly be a frost during the 
night. Similarly the reading of the wet bulb thermometer one 
hour before sunset will give the air temperature at eight o'clock on 
the following morning, which cprresponds approximately to the 
mean for the day. It is necessary to keep the apparatus in 
good working order by occasional washing of the wet bulb 
covering and wick, and it is also essential to place the 
thermometer in the shade and in a place where warm buildings 
cannot influence its readings by radiation. The reading given 
by the thermometer with the uncovered or dry bulb is not of 
any import in these forecasts. 

This rule is absolutely reliable on the Continent, but is 
naturally not quite so certain on our Island, because of the 
proximity of the sea, and the sudden changes of wind. Never- 
theless, it is of great value, and is well worthy of the attention 
of makers who are anxious to use every available day of the 
year for out-of-door brickmaking. 
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Working Cost of Hack Drying. 

,A\\ the appliances described above, are the outcome of many 
years' practice, in the endeavour to contend against the 
vagaries of the weather, so that no expenditure should be 
incurred in the consumption of fuel for drying. The working 
cost of drying bricks is thus confined to the cost of labour and 
repairs. It will be interesting in the course of this treatise to 
make careful comparisons between the various systems des- 
cribed, with a view to ascertaining which is ultimately the most 
economical form of drying to adopt in brickmaking. 

It will be seen that the cost of equipping a hack ground for 
an output of a million bricks yearly, is from £iSo to ;£25o, 
according to the completeness of the installation. 

The repair bill for the same ground is rarely less than £2$ 
per annum, when the cost of labour in the spring involved in 
preparing and clearing up the ground, and that in clearing up 
and storing the material in the autumn is considered. The 
loss from damage to bricks by weather and rough treatment on 
hacks is difficult to assess, but it is always considerable, even 
in the most carefully managed yards, and cannot be put at less 
than 5 per cent, on the make, or say, 4d. per thousand. 

The labour of wheeling bricks to the hacks, hack-setting, 
skintling, looing, and general attendance, and finally 
wheeling to the kiln when dry, costs upwards of 2/6 per 
1,000. 

Taking, therefore, all into account, the cost between the 
machine or mould and the kiln cannot be put at less than 3/3 
to 3/6 per 1,000. This may be considered as the amount 
actually expended on drying common bricks on hacks, and is 
the figure which must be carefully verified by each particular 
maker, when comparing the system with others. 

Drying Sheds. 
The next step in the evolution of drying systems is the 
erection of sheds of more or less considerable extent. The 
sheds themselves may be simple structures in wood or in brick, 
roofed with tarred felt, tiles, slates or galvanized corrugated 
iron. It is necessary to provide adjustable appliances for ventila- 
tion, in order to carry off the moisture dried out of the bricks. 
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Beneath this protection, the bricks may be set in longitudinal 
or transverse hacks, but if the brick is of a quality common 
enough for this method of treatment, it is at once cheaper in 
first cost, and more efficient in rapidity of drying, to use the 
out- door hacks already described. 

Bricks may be efficiently dried if set in rows on an evenly 
sanded floor, but this method, without artificial heat, does not 
give an adequate output '\ 

The only system which is practically efficient without arti- 
ficial heat is that of setting the bricks in racks. 

Racks may be placed longitudinally or transversely in the 
shed. The ventilation of a shed is, however, transverse, and it 
is much better to place the racks transversely. It may be 
urged that it is surely better to pass the air for ventilation 
through the racks of bricks rather than between them. It will 
be readily understood, however, that with natural aeration, the 
currents of air are usually but feeble, and the first rack will con- 
siderably reduce their power. The rack next the direction of 
the current too, is exposed too openly to its effects, and is dried 
too quickly, and further, when the current has passed through 
one or two racks, the air is so heavily charged with moisture 
that it is no longer of value for drying. In the use of transverse 
racks, on the other hand, the bricks are not directly exposed to 
.the sharp currents of air, which, sweeping unretarded through 
the gangways, carry off the moisture diffused out of the bricks. 

The transverse rack system is practically the only one used 
on the Continent, and is minutely described by the German 
authorities on brick making, not only because of its use in 
simple unwarmed sheds, but also because of its wide adoption 
m buildings covering Hoffmann kilns. 

A simple unwarmed shed may be 36ft. wide and 150ft. long 
inside, with a gangway 6ft. wide down the middle. 

The illustration (Fig. 18) of such shed, in cross section, 
shows a galvanized corrugated iron roof (a) with iin. match- 
board lining (d). The posts (c) and principals (// may be 
I oft. apart to suit the racks, and the purlins (e) complete the 
roof framing. 

The sides may be fitted with a double row of hanging 

B 
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shutters, or with adjustable Venetian shutters (/) ; or again, 
brick walls may be built to carry the roof with a series of 
windows, and rows of perforations in the brickwork. Ventila- 
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tion is also provided for at the ridge (^) by setting it a 
couple of inches above the roofing. 

An adjustable row of shutters 5ft. long, may be provided to 
close this space, as shown at {h). Fig. 19 is a part plan of the 
shed. 



^^sj^^^^^j^^^^^^>^S5^^^^^^^^^^^si^^^^^ 
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Fig. 19. 

The simplest Venetian shutter is constructed of horizontal 
slats 5ft. long, pivoted at both ends at (a) — Figs. 20 and 21— a 
vertical bar {b) with handle {c) is pivoted at the middle of the 
shutter, and is provided with pegs {d) corresponding to the slats. 
By turning this vertical bar through an angle of 90^ each peg 
opens the corresponding slat. Fig. 20 shows the shutter in 
vertical section and part plan shut, and Fig. 21 shows it open. 
This is the form of side ventilation usually adopted on the 
Continent. 

The racks are 15ft. long, with gangways 3ft. wide between 
them. Each is constructed 2ft. in width, to hold two rows of 
bricks on each stage, and the supporting posts may be from 
2ft. I in. to 3ft. 6in. apart. If the bottom stage is only 6in. 
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above the floor, the rack may have nine of them in height, 
within the workmen's reach. 

It is not advisable, on account of the cost of labour, to place 
bricks higher from the ground than this, though in some 






Fig. 20. 



Fig. 21. 
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systems the sheds are racked close up to the ceiling on each 
side of and over the main central gangway. Generally 
speaking, the rack construction costs a sufficiently large pro- 
portion of the total cost of the shed for it to be advisable 
to keep it low enough to be worked without trestles or ladders. 

Multiplication of racks, too, will result in the accumulation 
of too much moisture in the air of the shed except in windy 
weather. 

The fact that so much space in the roof seems unused tempts 
one to think that an economy can be realised by occupying 
it with racks. This, however, is a fallacy, which a short ex- 
perience will rapidly demonstrate. 

On the Continent, it is very largely the custom to cut bricks 
at the machine in pairs, instead of as many as ten at once as is 
usual in England. The shed racks are then provided with four 
slats to each stage, two for each row of bricks. The pairs of 
bricks are set on these slats on pallet boards. Stout wires 
sometimes replace the slats either completely or in alternation. 

This method of cutting off in pairs has some advantages, for 
the bricks do not need spacing in order to dry them, the space 
between the pairs being sufficient. The labour of cutting off, 
too, is lighter, though more continuous. In this country slats 
may be similarly provided for hand-made bricks placed on 
palfets, but there is much to be said for the use of loose boards 
of convenient length, which may be slipped into the racks on 
fillets, nailed to both sides of the supporting posts. Boards 
2ft. 4in. in length will hold seven spaced bricks on edge, and 
are of a very convenient length for shed work. They will hold 
five bricks flat. The supporting fillets should be 7in. from the 
top of one stage to the top of the next, and the topmost one 
will then be sft. 2in. from the ground. The arrangement of 
posts and fillets for the reception of boards in this way is shown 
in Fig. 18 on the left-hand rack. Fixed slats are shown on the 
right-hand side, and in Fig. 19 on plan. 

The contents of one rack 15ft. long will then be : — 
Stages. Wide. Long. Bricks. 

9 2 6 7 = 756 bricks. 

A shed 150ft. by 36ft. will contain 60 of these racks, giving a 
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total capacity of 45,360 bricks. Allowing three weeks to dry 
bricks in it, the output is 15,120 per week, and without artificial 
heat, a yearly output not exceeding 350,000. 

Three sheds will, therefore, be required to give the same out- 
put as a hack ground of one acre in extent. 

If hand-made bricks are placed in the racks flat, and on 
pallets, the contents of the sheds are reduced by two-sevenths, 
unless the racks are provided specially with stages closer 
together. It is really preferable to pitch the bricks on edge on 
boards, which carry seven bricks each, and may be placed in 
the racks. 

If the clay is liable to crack in quick drying, racks may be 
constructed in the middle of the shed with a gangway 4(1. wide 
down each side. In this arrangement the wind does not come 
so sharply in contact with the bricks nearest the outside. 

Cost of Sheds. 

Taken roughly, the cost of constructing such sheds is ;^i per 
foot run; or ;^i5o for a shed without the racks. 

The racks themselves, including boards, on to which the 
bricks may be cut by the machine, will cost about £2 each, or 
;£i20. Total cost of shed £270y or for an output of one million 
yearly without artificial heat, ;^8io. It is evident that this 
method of protection is much more costly to install than hack 
roofing. 

Cost of Labour. 

As a set-off against this, the labour is less ; the distance from 
the machine to the racks, and from the racks to the kiln, is on 
the average, only one-third, and there is no skintlingtobe done. 
The repairs also are insignificant, and there is no preparation 
required in spring, or storing away of material in winter. The 
waste by weather and rough treatment should be m7. Taking 
all these points into consideration, the cost of drying bricks as 
compared with the figure arrived at for hack drying, is from 
2/3 to 2/6 per 1,000. But there is a charge to add for additional 
interest on capital of about yd, per 1,000. 

Tile Drying. 
Although not in the strict sense " bricks," some mention must 
^be made here of the drying of roofing tiles, 
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Being manufactured of strong tenacious clays, the operation 
of drying must be conducted slowly, with great care taken to 
avoid air currents. They must be dried in sheds, and the form 
last described is in every way suitable for the purpose. It is 
necessary, of course, to modify the dimensions of the racks to 
suit the dimensions of the goods, and the slats or boards should 
be spaced less widely apart, quite double the number in height 
being provided. 

In the placing of pan-tiles or French tiles in the racks, it is 
usual to make use of loose strips of wood to give support to the 
surface lying hollow over the slats, to prevent it collapsing while 
in a soft state. Trimming, beating or pressing may be had 
recourse to when the tile is partly dried, after which it is again 
replaced in the rack till ready for the kiln. 

In the drying of plain tiles recourse is had, in most manu- 
factories, to checkering. Being thin, they are extremely lialDle 
to warp as well as to crack if dried too quickly. The " checker " 
is the means adopted to prevent both these defects. 

In a portion of the shed unprovided with racks are placed 
boards as wide as the tiles are long. They are curved convexly 
in transverse section, so that when tiles are laid on them in a 
soft condition they take the curve suitable for the requirements 
of this form of tile. The stiffened tiles after beating or pressing 
are placed in thicknesses of three or four flat across the boards, 
their edges nearly or quite touching. On the first row a second 
is placed, breaking joint, and similarly to a height of about 
four feet. 

The solid checker of tiles so stacked ensures slow drying, and 
the perfect retention of the required shape. 



CHAPTER III. 



Artificial Drying. 
The next advance in the evolution of brick-drying systems 
leads into the second main division of the subject, ** Drying by 
smaller volume of air at artificially increased temperature." 
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It is the most important division of the subject, for the 
manifold advantages of having the drying process under control 
are evident, and it can be shown that these advantages 
really out-weigh the disadvantage of the expense of fuel. It is 
the more intricate division of the subject, because of the 
different conditions under which heat may be applied to 
drying and the necessity for obtaining the greatest possible 
efficiency from the fuel or source of heat employed. 

The problem in itself seems simple, for one is apt to assume 
that the mere warming, say, of a shed, some lo^ to 20^ above 
the outside temperature would ensure rapid and effectual drying 
of the bricks, and would not require much fuel. Scientific cal- 
culation, however, throws unexpected light upon the subject, 
and shows the necessity for great care in the arrangement of 
artificial systems and for great caution in accepting the state- 
ments of interested persons as to the fuel consumed in known 
systems. 

Scientific Principles Reiterated. 

In consequence of the importance of the chief fundamental 
facts, it is necessary to emphasise here the statement made 
(page i) that no drying can be obtained without absorption 
of heat. If hot air is passed slowly over a dry cold brick it 
will be only slightly cooled, but if it is passed over a very wet 
brick, it will be considerably cooled. 

To raise a dry brick weighing 7lbs. from 60^ to 61*' F. 
takes only 1*4 units of heat, but to raise in the same way the 
temperature of a wet brick weighing 7ilbs. and to evaporate 
at the same time the ilb. of water it contains, will take 537 units 
of heat, or nearly 400 times as much. The latter figure 
represents the heat yielded by the consumption of about foz. of 
ordinary coal. Not only so, but the heat has absolutely disap- 
peared^ and can only be recovered by condensing the vapour of 
the water back into water again. 

For this reason the statements which are sometimes made, 
that certain drying systems use heat over and over again, and 
that the heat is not allowed to escape, must not for one moment 
be credited, although at first sight they may seem to be borne 
out by the system referred to. 
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It is also very necessary to call attention again to the state- 
ments on page 2, of the peculiar property of air of carrying 
moisture in amount varying with the temperature. The table 
there given shows that air at 82^ F. will carry double the 
quantity of moisture which it will carry at 62*^ F. Its carrying 
power is approximately doubled for a rise of 20°. Nevertheless, 
when once the air at a given temperature is carrying its full 
complement of moisture, and. is saturated, the fact that it feels 
warm, and is kept warm, does not imply that further drying of 
bricks contained in it will ensue. It is saturated, and cannot 
take up more moisture, and it is now necessary to carry off this 
saturated air by ventilation, and replace it by more warm air 
which is not saturated. 

It is by a careful adjustment of the temperature and volume 
of air supplied to a dryer that the most efficient results are 
obtained, and it is a* knowledge of the scientific principles 
involved that enables the expert to ensure these results. 

Method of Heating. 

It being demonstrated that to effect drying by artificial nieans 
it is invariably essential to provide adequate ventilation and 
that the ventilation must be effected by means of air warmed 
above the average temperature of the air outside the dryer, it 
remains yet to mention two means by which the necessary heat 
for drying may be provided other than by the warmed air itself. 
The three methods thus forming the sub-divisions of artificial 
drying may be thus stated ; — 

1. By heat supplied by convection, />., by warmed air which 
is reduced in temperature, and renewed or partly re-heated, 
when charged with moisture. 

2. By heat supplied by conduction, />., by contact of the 
goods with the source of heat supply, air only slightly warmed 
being supplied to carry off the moisture. 

3. By heat supplied by radiation from the source of supply, 
air warmed to a moderate temperature being supplied to carry 
off moisture. 

The second method was the earliest adopted in practice, a 
combination of the second and first being next developed, while 
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the first and third separately and in combination are those now 
most in vogue with varying degrees of success according to the 
intelligence displayed in adapting them to individual cases. It 
may be broadly stated that the third by itself or in combination 
with the first produces the most efficient and successful results 
and the general tendency of recent improvements in dryers is 
towards an unscientific or " Rule of Thumb " application of it. 
The results arrived at by long and expensive practical experi- 
ments might have been long since obtained, if science, in its 
technical form, had been earlier applied to the solution of the 
problem. 

Strictly speaking, the s/m^/esf procedure is the method of 
supplying warmed air, which yields the requisite heat for 
evaporation, and at the same time serves to carry away the 
moisture. , 

It is the process which plays the principal part in outdoor 
natural drying, and though not first in order of practical ap- 
plication to artificial systems should be discussed first. 

Drying by Warmed Air. 

In the description of the science of outdoor drying, a cal- 
culation was given shewing how air, at ordinary temperatures, 
can supply sufficient heat to effect the evaporation and without 
sensible reduction in temperature (page 5). In artificial 
drying, the conditions are so altered that further calculations 
become necessary to demonstrate the process. 

Air at outside temperatures is introduced into the dryer 
warmed, so that it will take up a certain quantity of moisture. 
In causing the evaporation from the goods, it becomes cooled 
to an intermediate temperature, and leaves the dryer more or 
less charged with moisture. On page 3 a table was given 
shewing the amount of air necessary at various temperatures to 
carry ilb. of water in vapour. Now it is necessary to calculate 
to what higher temperatures it must be warmed in order to 
yield the heat necessary to evaporate the lib. of water out of a 
brick. 

Outside air contains always some moisture, and as a basis for 
calculation it may be assumed that it is saturated and at 32^ F. 
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A first case may be calculated in which the air is warmed to 
72^, and after doing its work leaves the dryer cooled to 52^. 

The weight of air which will yield sufficient heat to evaporate 

I Ih. of water in cooling from 72^ to 52^ is given by : — 

*io78 ,, 

=227*27 lbs. 

20 X -237 ' ' 

and the heat necessary to raise this quantity of air from 33" to 

'ji'^ is given by : — 

227*27 X *237 X 40 = 2,156 British Thermal Units. 

This is the actual heat needed for the evaporation only, with- 
out reference to the warming up of the clay of the bricks and 
other losses. 

Under the temperatures here given the air if saturated with 
moisture at 32*^ will, after warming to 72*^, evaporation of 
lib. of water and cooling to 52^, issue from the dryer again 
saturated, carrying now 1*86 lbs. of water. 

Similar calculations for other temperatures give the results 
tabulated below : — 

Table IV. 



Temperature of air 
entering dryer. 


Tenjperature 
leaving dryer. 


Weight of air 
required. 


Heat required to dry 
ilb.of water in B.T.U. 


72 degrees. 

98 
130 
170 
220 


52 degrees. 
62 „ 

72 

82 „ 

92 


227*27 

125-00 

77-00 

50*50 

34*50 


2156 

1954 
1788 
1652 
1537 



In practice the actual heat required as shewn in this table 
must be augmented by 50 to 100 per cent, to allow for the 
heating of the dryer walls, loss by radiation and warming of the 
clay in the bricks. 

In practice, also, it is not possible to attain saturation of the 
air leaving the dryer. 

The table serves to indicate, however, that if a clay will stand 
high temperatures and rapid drying, it is most economical to 
use a small volume of air, with large range of temperature. 
Thus, in practice, the table would indicate that, with all necessary 



* Ls^tent heat of evaporation at 52* F. 
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allowances, i,ooo bricks containing i lb. each of water of 
manufacture, will require the following amounts of heat (with 
their coal equivalents) to dry them : — 

Table V. 



Temperature 
range. 



72 deg* to 52 deg. 

98 „ to 62 „ 
130 „ to 72 „ 
162 , to 82 „ 

220 ,, to 92 „ 



Volume of air per 
brick, in cubic ftt 



4500 
2750 
1950 
1450 
1 120 



Heat in B. T. U. 
per thousand. 



3,240,000 
3,100,000 
3,000,000 

2,850,000 



Coal in c\»rts. 
per thousand. 



2*4 

2-3 

2*2 
2'I 



It is necessary, of course, to note that the amount of heat and 
fuel will be less if the outer air is warmer than 32" and is not 
saturated with moisture. 

The actual fuel consumption also may be less, according as 
the dryer is more efficient, the loss in the calculations, in 
Table V., being put at 50, 60, 70, 80, and 90 per cent, 
respectively. 

Ventilation. 

The higher the temperatures employed, the more necessary 
it becomes to pay attention to the means of effecting the 
necessary movement of air in the dryer. 

In the employment of low temperatures, simple aeration is 
customary, and provision for ventilation such as described in 
connection with Fig. 18 (page 34) is sufficient. 

In such cases, a large quantity of heat is lost, and in drying 
by warm air, it is better to have recourse to chimneys or fans. 

Ventilating Chimneys. 

In the use of a chimney, it is essential that the air which 
issues by it, should be at a temperature higher than that of the 
outside air. 

Systems using such chimneys will be described later in detail. 
It is only proposed at this point to indicate the draught that 
may be obtained by such means. 

In such a case as before mentioned, when the air outside the 
dryer is at 32**, when the air enters the dryer warmed to 72** 
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and issues at a temperature of 52^ ; the velocity of draught in 
a chimney 30 feet high, is calculated by the formula : — 



>:< v= / 2 X 32*2 X -002 (52° - 32"^) 30 
J I X -002 (32^ - 32^) 

8*8 ft. per second 
or 5 28 ft. per minute. 

This value must be diminished by a proportion depending on 
the amount of friction and the eddies in the chimney, and we 
do not in practice find such conditions yield a velocity exceeding 
one-half or say, 250 ft. per minute. Now it was shewn in 
Table V. that 4,500 cubic feet of air at 72^ are required to dry 
I lb. of water out of a brick. This is equivalent to 4,332 
cubic feet at 52**. 

Hence it follows that in order to remove i lb. of water per 
minute from a dryer, under the above conditions, it would be 
necessary to construct a chimney of about I7>^ square feet cross 
section (4ft. 2in. x 4ft. 2in.) and 30ft. in height. Such a 
combination would result in the drying of 10,000 bricks in a 
week, provided all the theoretical conditions were fulfilled. In 
practice it is found that chimneys of large section will produce 
a good ventilation if upwards of 40ft. in height, with a difference 
of temperature only of 8*^ or 10^ between the outer air and the 
air leaving the dryer. 

Ventilating Fans. 

Power-driven fans become more or less necessary when 
higher temperatures are employed and when the output of a 
dryer is intended to be rapid and large. Selecting the range of 
temperature from 162° to 82° given in Table V., the volume of 
air practically required to dry i lb. of water out of a brick is 
shewn to be about 1,450 cubic feet. 

A dryer, therefore, to turn out 5,000 bricks (each containing 
I lb. of water) per day would need to be supplied with about 
5,000 cubic feet of air per minute at 162^. 

Now the previous calculation on chimney draught would 

♦32 2 is the force of gravity iq feet per secoqclj and 'oo? is the expansion of air for 
^ch degree. 
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seem to shew that a chimney of good height and area would be 
capable of producing the required draught, but a difficulty is 
met with which renders it quite unsuitable. 

In consequence of the reduced volume of air employed, it is 
necessary to ensure its continual close contact with the goods 
to be dried. It is also necessary, in order to obtain full reduc- 
tion of temperature, to arrange the goods in long tunnels, and 
to dry them progressively. 

The consequence of this form of arrangement is the creation 
of a considerable amount of resistance to the passage of the air, 
such as a chimney cannot overcome. 

By mechanical means, not only can the resistance be con- 
quered, but the air supply can be kept under complete control, 
and efficient arrangements can be made for heating it to the 
required temperature. The draught also is quite independent 
of the external temperature, and other atmospheric conditions. 



Fig. 22. 

Fig. 22 shews a Blackman fan of a type so well known that a 
detailed description of it is unnecessary. 

Table VI. gives figures indicating the performance of various 
sizes. 
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Table VI. 










* 


APPROXIMATE 




DLameter 


Revolutions 
minutet 


per 












of blades 
in inches. 


Culic fctt 


of 


air moved 1 


Actual h.p. 








per 


mil 
to 


lutei 


require J. 


14 


1,000 


to I 


,500 


1,000 


1.500 1 


i to 


j 


24 


500 




900 


3,000 




6,000 , 


i .. 


32 


400 




650 


7,700 




14,000 1 


i .. 


14 


48 


300 




550 


13,500 




30,000 I 


I n 


24 


60 


240 




400 


21,000 




45;O0O 


li V 


34 


72 


200 




340 


30,000 




60,000 


2 n 


S 



This type of "ventilating*' fan is suitable for moving large 
volumes of air at low velocity against small resistance and 
cannot be efficiently used against a resistance of more than 
three-eighths of an inch of water, or one-fifth of an ounce per 
square inch. A ventilating chimney cannot overcome nearly 
so much resistance even as this. 

The Blackman fan is probably the pioneer of this type in 
England, but there are many other makers, such as the 
Sturtevant Company, the American Blower Company, the Sun 
Fan Company, and others. There is naturally considerable 
controversy as to the respective efficiencies of the different 
makes, but the actual tests are extremely difficult to make 
with certainty, and the statements of the makers must 
always be accepted with some reserve. 

The chief scientific points of the method of drying by warmed 
air alone have been indicated above, and further calculations 
are only necessary in connection with the individual systems, 
which will be described later. Since the other methods of 
drying by conduction and radiation are always more compli- 
cated from a scientific point of view, it will be best to proceed 
now to the description of the various forms of dryers and to 
discuss their efficiency from a technical standpoint individually. 



• These figures apply to " free inlet and outlet," at least equal in area to the fan 
itself throughout. The volume moved is reduced, and the power required is 
increased by any further resistance' to be overcome by the fanst 
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CHAPTER IV. 



Classification of Dryers. 
The sub-division of dryers into groups does not follow the 
same lines as that of methods of drying. They may be classed 
as follows : — 

1. Dryers warmed and aerated : 

a. Those placed above and about kilns, utilising the waste 

heat of radiation and burned brick cooling. 

b. Those furnished with flues in the floor heated by waste 

heat from kilns, coke fires, or steam. 

c. Those provided with flues or pipes detached from the 

floor, similarly heated by waste heat, coke fires or 
steam, and also by hot water. 

2. Dryers warmed and ventilated with the goods stationary : 

a. Those placed over or against kilns with special 

appliances for controlling the air currents. 

b. Those furnished with heating flues and ventilating 

chimneys. 

c. Those provided v.ith detached heaters and ventilating 

chimneys or fans. 

d. Those with isolated chambers or tunnels, ventilated and 

used intermittently. 

3. Dryers warmed and ventilated with the goods moving and 

drying progressively : 
a. Those ventilated in the reverse direction to that in 

which the goods move. 
/;. Those ventilated in the same direction as that in which 
the goods move. 
This classification is, to a large extent, stated in historical 
sequence as well as in the order of efficiency of heat consump- 
tion. The description of dryers will follow the order as closely 
as possible, though in some few instances it is not easy to define 
exactly to which category they belong. 
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I. — Dryers Warmed and Aerated. 
The word " aerated ** is used in contrast to " ventilated '* 
simply indicating that the moist air which is carrying off the 
water dried out ot the goods is not conducted out of the dryer 
by any special ventilating appliance. It may escape by 
windows, doors, shutters or roof openings, and may be said 
practically to diffuse into the external air. 

a. Dryers placed above and about kilns utilising the waste 
heat of radiation and burned brick cooling. 
The photograph —Fig. 23 — shews perhaps the oldest kind of 
dryer in which this practice was followed. 



Fig. 23. 
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These kilns were used by common pottery makers and con- 
tained, well within the base, an open top kiln of the Dutch 
form, above which were arranged one or more drying stages or 
floors. The photograph is taken from one existing at 
Upminster in Essex, which was built in 1774. It is 60ft. or 
70ft. in height and the brickwork at the base is 3ft. in thick- 
ness. Holes in the interior still shew where the joists were 
fixed, which supported the drying floors. Common red pottery 
appears to have been made in it only, and the original kiln in 
the interior has long since been replaced. 

Similar use of the heat from kilns is made in potteries in 
these days, but with the difference that it is the heat radiated 
from the outer walls of the kiln. 

The products of combustion are carried out above the roof of 
the building inside which the kiln is constructed. In this system 
the radiation method of supplying heat to the goods is chiefly 
used. 

Hoffmann Kilns. 

The chief form in which waste heat is made use of under this 
section is in connection with continuous kilns of the Hoffmann 
type. 

In some instances, the flat top of the kiln is used, simply by 
setting bricks on it in hack form. Almost the whole top can be 
so utilised, it being necessary only to provide a gangway and to 
leave sufficient room for the coal above the chambers where the 
firing is in process. 

In Germany, there are many installations in which drying is 
effected in immense buildings erected over Hoffmann kilns. In 
most of these there is a special provision for directing the air 
currents. They, therefore, belong to section 2a of the sub- 
division, and will be mentioned later. 

The manner in which such buildings are constructed is shewn 
in cross-section in Fig. 24. It is evident that they are very costly, 
and that the labour involved in raising goods to the racks and 
lowering them when dry is very great. 

On the Continent labour is cheap, perhaps on an average only 
half the cost of it in England, and this consideration is not of 
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such importance as with us. Nevertheless, an arrangement 
such as this has but little to recommend it, as it can only be 
used with safety during nine or ten months of the year. Its 
drying efficiency is greatly influenced by the weather, and during 
winter there is danger of freezing in some portions of the 
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building, in spite of the heat radiated and carried up by the air 
from the body of the kiln. 

Otto Bock's Kiln. 
To shew the importance attached in Germany to the 
employment of waste heat from continuous kilns, a description 
follows of the invention of Otto Bock, a well-known brick- 
works engineer of Berlin. It is designed for a moderate 
output of five to ten thousand bricks per day. Figs. 25 and 26 
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shew the entire cdnstruction, of which in reality the chief novelty 
is the kiln without arch, provided with certain advance drying 
and smoke flues, which need not be described here. 

The kiln is only about four feet deep, and is sunk in the 
ground so that when full of goods, the covering courses are 
level with it. On each side of the kiln are racks, g^nd the whole 

uiyiuzeu uy v^OOglC 



54 BRICK-DRYING. 



is covered with one large roof. The drying and the burning are 
intended to be synchronous, so that labour may be reduced to 
a minimum ; ordinary aeration only is provided for. 

In Fig. 26 the moulding table is shewn adjacent to the nth 
chamber. The newly-made bricks are placed in the nearest 
racks, which have just been cleared of others partly dry. As 
the racks are filled the table is moved along adjacent to other 
empty ones. When partly dried, the bricks are piled on the 
kiln itself, on the covering course of the chambers, and over the 
central flue. They are so placed just after the full fire has 
passed, so that the top of the kiln is no longer occupied by the 
coal and the burners. 

By the time the fire has advanced, and the chamber beneath 
them is cool enough to be drawn, the bricks are dry, and may 
be simply dropped down and set at once for burning. 

In Fig. 26, chamber No. 3 is being set, and No. 4 drawn 
Nos. 5 to 8 are cooling, 9 to 11 still red-hot, 12 to 14 in full fire. 
15 and 16 getting hot, and i and 2 steaming. 

It will be seen thus that the bricks have a period of time for 
drying equal to that taken to burn ij rounds of the kiln. This 
is about five weeks in all, so that a brick is not drawn from the 
kiln till two months after it is made. 

The inventor acknowledges that more fuel is consumed in the 
kiln than in one of ordinary form with arch, but claims that the 
difference is merely that required to ensure the drying of a 
quantity of bricks equal to the output of the kiln. 

Similar arrangements for drying have been tried in England, 
but without much success, and it is hardly credible that the 
problematic saving in labour would compensate for the slowness 
of the output. 

As a comparison, it may be mentioned that, with an efficient 
combination of tunnel dryer and continuous kiln, a brick may 
be drawn from the kiln within a fortnight from the time of 
making. 

b. Dryers furnished with flues in the floor., heated by 
waste heat from kilns, coke fires, or steam. 

This section of artificial drying is one of considerable im- 
portance, because of the widespread adoption of it in England, 
It is not largely used outside this gountry. j 
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It does not include systems which are furnished with steam 
or hot-water pipes below a latticed floor, but only those with 
the heating flues embedded in the floor, on which bricks may 
be set to receive heat by conduction. 

Coke Heating. 

The simplest form of floor is that heated by coke fires, and 
Figs. 27 and 29 show the construction in horizontal and part 
transverse section, while Fig. 28 is a front view of the fire- 
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places." It is usually advisable to leave a width of about 4 feet, 
without flues, for a barrow path, and five grates will supply the 
heat to a shed 36 feet wide— three on one side and two on the 
other. The flues cannot be carried more than 100 feet in 
length, as the gases get cooled in that distance, as much as 
they may to admit of obtaining sufficient draught for combus- 
tion. The flues must be sloped slightly from the fires up to the 
chimneys, and one chimney on each side of the gangway 
collects the smoke from all the flues on its own side. 

The flues are covered with a layer of clay which may be from 
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3in. to 6in. thick at the hot end, and gradually tapered off to- 
wards the cool end. On the clay is spread fine sand, on which 
the bricks are set continuously in rows on their edges, in a single 
layer. When sufficiently stiffened they may be turned up on 
to their ends, taking up less space and more effectually utilising 
the heat. When nearly dry it is a convenient practice to 
skintle them six or eight high, along the sides of the shed, thus 
rendering the floor room again available at the earliest possible 
moment. 

This method is essentially on the conduction principle, 
as the bricks are in contact with the source of heat supply. 
The aeration is but slight, and " steam " is frequently seen 
rising from the bricks shewing saturation of the air just above 
them. 

The fuel consumption is large, averaging 1 lb. for every 3 lbs. 
of water dried. 

A floor looft. by 36ft. will dry about half a million in a year, 
working winter and summer. It must be heated strongly all 
the year round to give this output. The labour expended on 
the bricks also is considerable, as it is necessary to shift them 
towards the hot end in order to give them the requisite pro- 
gressive drying, if they are at all liable to crack in the earlier 
stages. Some manufacturers increase the output of coke-heated 
floors by the use of high chimneys constructed to give a greater 
draught and so effect more rapid combustion. The greater 
heat of the floors, so obtained, is only suited to clays which do 
not crack under such strong treatment. There is one point in 
favour of coke-heated floors, in that the fires may be banked 
up at night, and require no attention except during working 
hours. 

Intermittent Use. 

The fuel-heated flued floor is sometimes used intermittently. 
Separate enclosed floors are filled with goods stiff enough lo 
bear piling, or they are placed on temporary racks completely 
filling the whole floor space. When full the shed is closed and 
fire lighted in the grates. The heat is gradually raised during 
three or four days, and then the fires are allowed to go out. 
Very little ventilation is provided and then only towards the 
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end of the process, when the goods are all but dry. The 
method is very extravagant in fuel consumption, but is found 
successful with some of the most troublesome clays, which will 
not bear a breath of air movement in drying. 

Heating by Kiln Gases. 

The same construction may be employed for making use of 
the heat of the products of combustion (or smoke) of kilns, due 
regard being had to the provision of ample area to carry the 
requisite volume of gases. In using heat from intennittent kilns, 
the draught should be obtained by means of an induced draught 
fan, placed so as to draw the gases through the flues. They 
then become so far cooled that they will not damage the fan. 
With intermittent kilns it is of course necessary to make ar- 
rangements to have one always in full fire, so as to maintain as 
far as possible regularity of heat supply. 

With continuous kilns the fan may be placed so as to blow 
the gases through the flues, after drawing them from the kiln. 
The heat is, in this case, of course practically constant, but 
considerably lower in intensity, and the floor would need a 
thinner covering of clay so as to transmit it at a sufficiently quick 
rate. 

The question of using the heat from the gases of combustion 
of kilns will be dealt with fully under section 3a, and it is not 
necessary to say more here than that it is of considerable im- 
portance and easy of application . 

Steam Heating. 

The construction of a floor for using steam as the heating 
agent is somewhat similar to that last described, but special 
disposition of the flues is necessary to obtain uniform dis- 
tribution of the steam. 

The sub-floor must be carefully covered with a bed of cement 
concrete three or four inches in thickness, to render it water- 
tight. Neglect of this has in many instances caused much 
inconvenience froni softening of the ground by the water of 
condensation. 

The floor must also slope, preferably in the same direction as 
the steam travels, in order to carry off the condensed water. 
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The steam may be distributed by means of transversfe heading 
flues out of which the branch flues lead longitudinally. A 
similar transverse heading flue at the far end serves to collect 
the condensed water, which should be pumped or conducted 
back for feeding the boiler, while still hot. 

Some authorities prefer to distribute the steam by means of 
a main central longitudinal flue with branch flues at right 
angles to it, right and left. This probably gives a rather more 
equal distribution of the steam. A method of distribution of 
the steam, which gives complete control of a floor divided into as 
many sections as may be desired, is found in the provision of 
overhead mains with a descending branch to each section. A 
valve on each branch provides for the control of the steam 
supply which may be thus minutely adjusted according to 
requirements. , 

The steam-heated flues may be covered with brick or with 
iron plates, according as the clay cannot or can be dried 
quickly. Iron is more expensive, and is more difficult to keep 
tight at the joints, but when a clay will stand drying, quickly, is 
more economical for a given output. The flues when covered 
with iron may be wider than those shewn in Figs. 30 and 31, 
but this construction should be followed if a brick covering is 
adopted. A layer of cement must be laid over the paving brick 
to make the floor damp-proof. A brick-covered floor retains 
heat better at night, and, except during frosty weather, may be 
left without steam after working hours, when the engine is not 
running. ♦ 
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Fig. 31. 

Either exhatfst or live steam may be used in this form of 
floor. It is of course customary to use exhaust steam during 
the day time, when the main engine is running, and live steam 
from the boiler at night, when the engine is stopped. It is 
requisite when using live steam to admit it to the flues at a low 
pressure, in order to obtain a regular distribution of it in all the 
small flues. Exhaust steam is found to diffuse in the flues 
much more uniformly than live steam. 

If iron plates are used for flue covering, it is usually essential 
to have all or a portion of the flues controlled by valves as 
shown in Fig. 31, so that steam may be admitted gradually 
during the progress of drying. On the whole the brick cover- 
ing is perhaps preferable because the heat is more modified. 
A larger area of floor is requisite, for the same output, but the 
same quantity of steam will serve the larger floor. With 
tender clays there is a saving in labour as the heat will not be 
sufficient to be harmful to the newly made bricks. In this 
construction it is usual to have small openings as shewn in 
Fig. 31, at intervals throughout the lower brick on edge of the 
division walls between the flues, so that each one is in com- 
munication with those on each side at many points. 

Steam heated floors are usually covered throughout with 
goods to be dried. First, a single layer is placed on them till 
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the bricks become stiff enough to be handled and placed upon 
one another, four or five high. Newly made bricks may then 
be piled up to eight or more high, on these, and they are not 
touched again till all are dry. Some makers place the bricks 
in a single layer only, on end, turning them upside down when 
the lower part is dry. 

A steam floor is not usually constructed so long as a coke 
heated one, but may be conveniently wider. The floor, 
however, may be of any desired dimensions if the method of 
distribution of steam above described is adopted, wherein 
service pipes are tafetn off at intervals from a main supply. 

A floor covered with iron 6oft. by 50ft. in full work will give 
about 30,000 dry bricks per week. The exhaust steam from an 
engine giving fifty indicated horse-power would supply two 
such floors, and if the bricks contained each i lb. of water 
of manufacture, an additional 1 5 cwt. of coal would have to be 
burned in the boiler at night to supply the live steam necessary 
to effect the drying of this quantity of 1 2,000 per day. 

Since a power of fifty-horse indicated would suffice to make 
quite 120,000 bricks per week, it will be seen that the exhaust 
steam will not dry more than one quarter of the output on this 
system, even if the bricks contain so little as i lb. of water of 
manufacture. 

This can be verified simply as follows : — 

The engine will require say 20 lbs. of steam per horse-power 
per hour, or 10,000 lbs. per day of ten hours. 

An efficient steam dryer takes i J lbs. of exhaust steam to dry 
I lb. of water out of a brick, therefore 10,000 lbs. of exhaust 
steam would dry 6,600 bricks under favourable conditions, or 
say, 5,000 on a steam floor. 

Several patents have been taken out for steam drying floors 
constructed in vitrified or glazed ware made of a rectangular 
section and tubular. These do not need a thick cement bed 
and covering, as they are impervious to moisture and strong 
enough to support the traffic of loaded barrows. Being thinner 
than brick flues they transmit heat readily. 

Sabine's Floor. 
A practical success in this direction is obtained by Sabine's 
Patent Steam Quarries, made by Sutton & Co., of Overseal, 
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near Ashby-de-la-Zouch. The heading flue for steam supply is 
made up of a length of these quarries, I2in. by 9in. with a single 
tube. Each quarry is 4in. in total thickness and perforated on 
one edge with two holes, which serve to distribute the steam 
into the longitudinal flues. The longitudinal flues are formed 
by quarries i8in. by I2in. with two tubes in each. 

Each tube corresponds with a hole in the header quarry. 
The outlet quarry is of the same form and continuous with 
the longitudinal quarry, but the tubes are stopped at one end 
and provided each with a hole on the under side to let out the 
condensation water. Below the outlet hol#s are placed channel 
quarries with the channel transverse to the flues, and these 
form a continuous channel to carry away the water. The 
quarries are noade in salt-glazed stoneware, and are bedded and 
jointed in cement. Only a thin layer of cement is required, 
and the resulting floor is very easy of construction and perfect. 




Fig. 32. 

This is illustrated in Fig. 32, in which A is the header, B the 
main, C the outlet, D the channel quarry. This floor admits of 
being laid in sections, each with valve for control, and its own 
row of feeder quarries. 

Cost of Steam Floors. 
The cost of construction of steam floors may be put roughly 
as follows, exclusive of the necessary excavation and valves for 
control : — 

I. — Cast-iron covered flues with cement concrete bed and 

brick flue-forming partitions, 20/- per square yard. 
2 —Brick covered flues with concrete bed and covering, 

10/- per square yard. 
3. — Sabine's Patent Quarries, 8/- per square yard. 
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The iron covered. steam floor is not expensive in proportion 
to its output, but so few clays will admit of rapid drying by 
contact with the source of heat, that it is not to be re- 
commended. Sabine's floor seems to fulfil nearly, if not quite 
all, the requirements of this method of drying and is worthy of 
careful notice. 

The principle of using exhaust steam for drying is un- 
doubtedly one of the best, but the floor method is not the most 
economical way of employing it. It is the principal way in 
which the " conduction " method of supplying heat to the goods 
to be dried is made use of, a method which is not to be re- 
commended except for common goods, which do not crack or 
warp easily under such strong treatment. The aeration also is 
unsatisfactory, and. because of its feebleness, much heat is lost 
by radiation. 

The erection of racks as shewn in Fig. 18 on the iron covered 
steam floor, should give more economical and more satisfactory 
results than the method of setting in hack form. The radiation 
method of heating them comes into play with less risk of damage 
to delicate goods. When racks are employed, however, it is 
more usual to use pipes for heating, rather than flues in the 
floor. 

e Dryers furnished with flues or pipes detached froth the 
floor ^ heated by coke^ hot water ^ or steam, 

A primitive form of dryer comes under this heading. A 
furnace is constructed in brick at one end of and within a shed. 
The flue for the products of combustion of coal or coke is in 
the form of a long cast-iron stove pipe of 6in. diameter, which 
traverses the whole length of the shed, sloping gradually 
upwards towards the distant end, and discharging the smoke 
into the outer air. Radiation effects the drying for the most 
part, but a latticed floor may be placed above one or more such 
pipes, thus utilising also the ascending currents of warmed air. 

Sets of iron flues may be similarly placed in channels in the 
floor of a shed, and latticed over, air from outside being 
admitted to the passage on each side of the pipe. 

It is needless to remark that these are not economical 
systems, and are not to be recommended 
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Hot- Water Heating. 

Hot-water and steam are employed largely in dryers included 
under this head, making use for the most part of the radiation 
principle of heating. Generally speaking, the drying is gr^ual, 
and in consequence of the method of heat supply, the aeration 
required is but slight, the air being a moisture-carrying medium 
and not an evaporating medium. Hence it is a method par- 
ticularly suited for drying high-class clays, and those which 
may neither be heated strongly or subjected to currents of air, 
The goods are dried evenly and not appreciably more on the 
surface than inside, unless very large and thick. 

The ordinary hot-water heating system is largely used in the 
potteries. The buildings in which the moulding and trimming 
are done are all provided with the ordinary 4in. cast-iron hot- 
water pipes, which are so famiHar to everyone that they need 
not be described. 

The goods are set about the rooms on the floors and benches, 
or on shelves, and are in continual and gradual progress of 
drying from the time they are moulded till ready for the 
biscuiting-kiln. 

More elaborate methods of drying to be described later, are 
sometimes employed, but it is doubtful whether any more 
simple, convenient, or efficient mode is possible in view of the 
repeated handling necessary in the production of all classes of 
china and earthenware. The stone-ware pottery trade which 
deals with larger and thicker masses of material employs other 
methods, more suited to its particular requirements. 

Large stoneware pipes, tiles or chimney pots may be success- 
fully dried in sheds heated by a system of hot water or steam 
pipes. The sheds may be constructed with one or more upper 
floors, which are latticed and provided with a series of heating 
pipes beneath them. The heat from the pipes radiates both 
downwards and upwards, and the warm air also effects drying in 
ascending through the latticed floor, and amongst the goods 
placed on it. The ground floor may be provided with pipes at 
a low-level round the sides of the shed. The ordinary^ hoi- 
water pipe does not conveniently serve in such an arrangement. 
It is better to employ live steam or "Perkins's" hot- water 

system. u,y,uzedbyGOG^.^ 



BRICK-DRYING. 65 



Perkins's Hot- Water System. 

This latter system is not much in use, but is particularly con- 
venient and efficient. It is composed entirely of hydraulic 
pipe of fin. bore constructed to sustafti a pressure of 3,000 lbs. 
to the square inch. 

The whole circuit is composed of this pipe, the heating 
apparatus being in the form of a close coil of the pipe itself. 
The only adjuncts are a furnace built round the coil, and an 
expansion pipe, of 3in. bore, which provides for the expansion 
of the water when heated. Several great advantages attend 
the use of this system : — 

1. The pipe is small. 

2. The system does not require constant refilling with 

water. 

3. The utmost heat is obtained from the fuel. 

4. The temperature of the pipes is high and nearly uniform 

throughout. 

5. The pipes may be carried in any direction. 

The system is closed and when once in full working order 
with sound joints, does not require the addition of water more 
than once a month, and then but a very small quantity. The 
water is under such great pressure that it obtains temperatures 
considerably over 300° F., and it circulates so rapidly that on 
returning to the coil it has not, as a rule, fallen below 200**. A 
thousand feet run of the pipe may be maintained at these 
temperatures with a well constructed furnace, with an expendi- 
ture of 2 cwt. of coke per day. Such a length of pipe with its 
coil, furnace and fittings costs about £4S ^^^ ^i^^ maintain a 
shed of 30,000 cubic feet capacity at an average temperature of 
70" F. in winter. 

Given a good rise of some 5 or 6 feet at starting from the 
furnace, the pipe may afterwards be carried up and down in 
any desired direction without appreciably affecting the rapidity 
of the circulation. Horizontal zig-zags may be placed under 
the latticed floors of a two or three-storey shed. 

The system is in the form of a continuous pipe and cannot be 
branched in any way. The lengths of pipe are screwed at the 
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ends with right and left hand threads and the sockets are 
similarly screwed. The end of one pipe has a chisel edge which 
butts against a flat end on the next pipe, so that when the socket 
is screwed up it draws tjje two ends together firmly, making 
a contact joint without any kind of packing. Bends are 
not used, the pipe itself being bent to any desired angle and 
sweep. 

An interesting application of the system is found in the drying 
of wheel-made chimney pots, and Figs. 33 and 34 on pp. 67 
and 68 shew a shed applied to this purpose. 

Pots more than ift. 6ins. high are not finished at one opera- 
tion ; the solid column of clay is turned first at one end to form 
the bottom half of the pot, and this turned portion must be 
partially dried to stiffen it ready for the turning of the upper 
half To obtain this stiffening an overhead heat is required, 
and is very effectually provided by horizontal rows of hot-water 
piping placed about 5ft. above ground. A section of such an 
arrangement is given in Fig. 33, in which a shed is shewn 
with a latticed floor 7ft. above ground on which the finished 
pots are placed to complete the drying. Fig. 34 shews a 
sectional plan of the shed at a height of 6ft. from the 
ground, the black line D indicating the piping, the potter's 
wheel is at A, the heap of prepared clay at B, the furnace at C, 
and the drying chimney pots at E. 

The fire may be banked at night so as to keep alight till 
morning, and it is not therefore necessary to provide night 
attendance, as it is with steam heating. This method of heating 
is not so suitable for drying large quantities of bricks, which 
must be turned out rapidly in bulk. It will not yield sufficient 
heat, unless installed in considerable quantity, but for delicate 
ware, and large lumps which must be dried slowly, it is very 
convenient and economical, in addition to being suitable for 
pipe and tile drying. 

Steam. 

The medium par excellence for transmitting heat to drying 
sheds is steam, and the reasons of its special suitability are to be 
found in its high latent heat and moderate temperature. This 
latent heat is the heat absorbed in the process of evaporation 
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from water, heat which is given out again on its being con- 
densed back again into water. 

One pound of steam in condensing into water yields ten times 
as much heat as one pound of water yields in cooling from 200" 
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Fig. 34. 



to 100° and about forty times as much as one pound of air in 
cooling through the same range. Hence as a medium for 
introducing heat into a dryer it is far less bulky than air or 
water. 

Exhaust steam from the engine on a brickworks is an inevit- 
able waste product and should invariably be made use of ; and 
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for the additional reason that the condensed water can be re- 
turned hot to the boiler, and is free from impurities. Its place 
can, if required, be taken by live steam when the machinery is 
not working. 

Live steam may be used in a system of pipes similar in 
arrangement to that described in connection with Perkins's hot 
water system, pipes of i-m. diameter being employed. Arrange- 
ments must, of course, be provided for the draining away of the 
condensed water, and for this reason a main header pipe of 
larger diameter with many branches is more convenient than a 
continuous circuit. The piping cannot so well be carried up 
and down as those of the hot-water system. 

The most convenient method of application of exhaust steam, 
however, is by means of pipes of about 3in. diameter laid in 
trenches below the floor level. 

Steam Pipes in a Shed provided with Racks. 

This method may be used in a shed provided with racks as 
shewn in Fig. 18, a pipe being laid under each stage, or in the 
gangways or both. Or, again, the pipes may be laid longitu- 
dinally, traversing the racks and gangways, 3ft. apart with a 
header pipe of larger diameter at the end nearest the source of 
supply. With such an arrangement bricks may be dried in 10 
or 12 days, and those first dry may be at once removed to the 
kiln, making room for a fresh supply of newly-made bricks. 
All the accommodation of the shed is utilised in a continuous 
manner, and access to the goods during the drying process for 
re-pressing or trimming is always possible. 

Many forms of dryers are in use, employing exhaust or live 
steam or both, distributed in pipes and provided with simple 
aeration. It is perhaps the most important and most efficient 
of the artifical drying systems, acting as it does by radiated 
heat and feeble aeration, and it may be safely adopted for the 
most tender clays. The arrangement mentioned above is pro- 
bably very efficient, because continuous, but the majority of 
forms are intermittent in action, the goods being stacked in 
them in bulk and left till all are dry. In this way heat is lost 
when the contents of the dryer are approaching the end of the 
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drying process, and, unless valves are inserted for shutting off 
the steam, also during the process of emptying. 

Steam Pipes in Floor Trenches. 

A simple dryer in shed form is that in which 3in. or 4in. 
pipes are laid in trenches with brick partitions, 3ft. 6in. apart. 
Nine inch partitions are constructed, and on the walls so 
formed, cradle pallets 3ft. long are supported transverse to the 
pipes, and carrying nine bricks each on edge. Fig. 35 shews a 
cross section of a portion of such an arrangement. 
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Fig. 



Fig. 36. 
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The pallets have a foot at each end, as illustrated in Fig. 36, 
and may be placed on the top of one another 8 or 9 high. 
They cost about 8d. each. The whole floor may be thus filled 
and as those first stacked become dry, they may be removed to 
the kiln and replaced by newly made bricks. 

Soft bricks can be dried thus in quantity, as they have only 
to bear their own weight. 

HooPKR & Co.'s Floor. 
An improved form of this system is the subject of a patent 
taken out by Messrs. Ashby & Batley, in 1896. It is particularly 
efficient and suitable for bricks stiff enough to bear stacking six 
high, when newly made. It is illustrated in Fig. y]^ which 
shews a portion of the floor of one chamber in isometric pro- 
jection. 



Fig. 37. 

The steam pipes traverse a series of small chambers separated 
by partitions about 8ft. high. All the chambers are enclosed 
under one roof, and the vapour rising from the goods is carried 
off by simple ventilation at the gable ends of the shed. 

The special features of the invention are the checkered block 
paving, and the method of setting the bricks for drying. 
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The pipes, 3111. in diameter, are only I2in. apart with 4iin 
brick partitions, across which the wood blocks are laid as 
shewn in the illustration. 

The division of the dryer into chambers divided off from one 
another is a useful arrangement when drying difficult clay. 

A chamber can be quickly filled with wet bricks and then 
shut, so that no currents of air arise which would cause the 
bricks to crack. The drying is largely by radiation and the 
aeration may be reduced to a minimum. 

On this floor bricks made stiff plastic will dry in six days, 
without cracking, using exhaust steam by day, and live steam 
at night. 

This floor costs about 12/- per square yard, and a floor to dry 
one million in a year should have an area of about 225 square 
yards. 

Keller's Dryer. 

Under the present head (le of the sub-division) comes, per- 
haps, a dryer which has obtained a reputation in Germany in a 
very short time. It is the invention of E. Keller, of Laggenbeck, 
in Westphalia, and is constructed in the form of tunnels some 
80 feet long, separated from one another by wooden or brick 
partitions. 

The tunnels are roofed with a thick thatch of straw on one 
side, with very steep slope, and on the opposite side ordinary 
double wood roofing only is fixed, rendered waterproof by 
asphalt. The outer boarding laps over the straw at the ridge 
line, but does not meet it by about one inch. The lower ends 
of the straw are also cut a little short of the next roof to allow 
the condensed water to drip free of it. On the under side of 
the thatch, as at ^, some of the straws are cut short so that the 
free ends are exposed within the tunnel. Each tunnel has its 
roof in this form as shewn in Fig. 38, and the special virtue is 
claimed for the straw of allowing the moisture to diffuse into 
the. outer air through the slit d at the ridge and between the 
straws while preventing the entrance of cold air from without. 

The heat is supplied by two steam pipes laid near the ground 
on each side along the entire length of the tunnel. A track of 
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Fig. 38. 



light rails is laid in each, along which the bricks to be dried are 
wheeled on a special and ingenious barrow which carries the 
bricks on pallets. The walls of the tunnel are provided with 
spaced projecting ledges in wood or brick, on to which the 
pallets are deposited, and when the tunnel is filled it is closed 
till the bricks in it are all dry. 
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Fig. 39. 

The barrow shewn in Fig. 39 is constructed to carry 96 or 108 
bricks on pallet boards. The projecting arms are arranged so 
that they can be raised or lowered by means of the lever, and 
the method of using it is as follows : — 

Adjacent to the machine or moulding tables is a wood rack 
with ledges exactly corresponding in height and spacing with 
those in the tunnels, Fig. 40. Its capacity is the same as 
rhe barrow, viz., 12 pallets holding eight bricks each 
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Fig. 40. 

or 18 pallets holding six bricks each, and it is filled 
with newly-made bricks. The empty barrow with the project- 
ing arms lowered is now run on the rails up to this rack until the 
arms pass under the pallets into the requisite position. The 
lever h is pressed down raising the barrow arms and lifting all 
the pallets simultaneously off their ledges. The loaded barrow 
is now run to the tunnel and pushed inside it up to the last 
deposited pallets. The lever is raised, lowering^ the loaded 
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pallets on to the ledges on the tunnel walls, where they remain 
till the drying operation is completed. 

The unloading of the tunnels is done from the further ex- 
tremity by means of a similar barrow which takes the dry bricks 
direct to the kiln, so avoiding all handling after manufacture 
until set for burning. 

These tunnels are intermittent in action, but, nevertheless, 
have proved very economical and efficient. About 14 of them 
are required for a daily output of 10,000 bricks, the time of dry- 
ing being from 3 to 4i days. The exhaust steam from an 
engine of about 30 i.h.p. being used, the live steam for night 
work is found to be given by a coal consumption of about 
2 cwt. per 1,000. Such an installation costs in Germany about 
;£8oo. It requires only three of the special barrows, and two 
men are sufficient to load the wet bricks into the tunnels. 

It is instructive to observe how carefully statistics are com- 
piled and published in Germany on the working of brickmaking 
appliances. The clayworker may rely on obtaining correct 
information as to the cost of installation and working. 

The subjoined table from the Deutscher Topfer und Ziegler- 
Zeitung as to practical tests of the Keller dryer are interesting 
and useful, and it would be to the advantage of the trade in 
England to have access to correspondingly reliable informa- 
tion from actual practice. 

Herr Keller's contention that the straw covering has a specific 
value is, perhaps, hardly borne out, for in practice a great deal 
of condensation occurs in the earlier stages of drying on the 
walls and roof of the tunnel, and the users have in some 
instances been compelled to provide accessory openings in the 
roof for the purpose of getting rid of the excess of moisture. 
The aeration is undoubtedly too slight and though the use 
of straw with its fine tubes is ingenious, there is no evident 
objection to a means of ventilation more under control and at 
the same time more efficient. The striking feature of the in- 
vention is the use of the special barrow, which reduces the 
handling to a minimum, while it does away with the necessity 
for a large number of steel cars. 
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In consequence of this the installation cost for a given out- 
put compares favourably with other systems, and the most 
tender clays can be successfully dried with economy. 

With reference to the inclusion of this dryer under the 
present subdivision, it may be remarked that though ** special " 
means of ventilation are employed, these means do not really 
ventilate in the sense in which the word is used in these papers. 
They only effect aeration and that in a very slight degree, 
whereas ventilation implies the movement of a considerable 
body of air. 



CHAPTER V. 



II. — Dryers Warmed and Ventilated with the Goods 
Stationary. 

This subdivision includes both shed and tunnel form dryers, 
the former being used in a continuous manner, heated to a 
moderate temperature not injurious to workmen, and therefore 
always accessible. The latter are used intermittently like the 
last described dryer, and are closed during the drying process. 

£l. — Dryers placed over or against kilns utilising the waste 
heat of radiation and burned brick coolings provided 
with special means of controlling the air currents. 

Under this heading comes a large number of dryers in use in 
Germany. They are elaborate and expensive structures, but 
little favoured in England where labour is more than double in 
cost. Nevertheless they must be described here because of the 
great importance of them on the Continent. 

An examination of the heat distribution in a continuous kiln 
of the Hoffmann type is necessary to give an indication of the 
efficiency of this form of dryer. This, however, is not easily 
determined, the problem being very elusive for various reasons 
which cannot be entered into here. It must suffice to remark 
that authorities are of opinion that the chemical change effected 
by burning a brick does not absorb an appreciable amount of 
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heat unless chalk is present in large proportion, or other 
ingredients which are chemically dissociated. Heat is absorbed 
in driving off water, but all the remainder of that produced by the 
consumption of the coal is lost by way of the smoke, the radia- 
tion from kiln walls, and the cooling after a certain temperature 
is reached of the burned bricks and the kiln interior. 

A very careful and extended examination of the processes 
involved has led to the following as an approximate disposition 
of the heat in a Hoffmann kiln burning common bricks at a 
temperature of 1800° to 1900° F. The bricks are taken to weigh 
8i-lbs. when made, 7-lbs. before and 6i-lbs. after burning, the 
differences being water driven oft.. The coal consumption of 
the kiln is taken at 3i per cent, of the burnt weight of the 
bricks. 

Heat Distribution. 

1. Evaporation of water i Si per cent. 

2. Dissipated by chimney 30 „ 

3. Radiation from exterior .. [ 

4. Cooling of internal kiln walls j " 

5. Cooling of burned bricks (from 200** to 

50° F.) J7l „ 

100 
Of these the last three items are available for drying in the 
German form of dryer. 

Taking, now, an output of 100,000 per week, the coal required 
for burning may be put at loi tons ; of this 5 J tons (51 J per 
cent.) is realised in the form of dryer in question, as available 
for the drying of newly-made bricks. 

Taking the efficiency of the dryer at 4 cwt. per 1,000, it will 
be seen that its output would be 26,500 per week, or 26 J per cent, 
of the output of the kiln. This entails supplementary drying 
apparatus for the balance of 73,509, and considering the great 
cost of installation and of labour in usage, it will be seen that 
the method is not to be recommended in this country for 
common brick drying. 

This calculation of course deals with the heat yielded for 
drying purposes by the kiln, and does not take into consideration 
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the fact that in summer the air has inherent drying capacity. 
It follows from this that a larger quantity than indicated by the 
calculation would be dried in summer, but the supplementary 
number would equally well be dried in a shed at the ground 
level,' such as is shewn in Fig. i8, and much labour would 
be saved. 

In summer these dryers in actual practice dry rather more 
than half the quantity the kiln bums. In winter their pro- 
duction is small, and their use unadvisable during frosty weather. 

For the drying of fire bricks or other goods burned in continuous 
kilns at a higher temperature this type of dryer is more service- 
able. The coal consumption for a burning temperature of upwards 
of 2,4oo''F. is as much as 8 per cent, of the burnt weight of the 
goods, and there is consequently a much greater quantity of 
waste heat available which may with advantage be made use of 

In this case the waste heat of radiation and cooling amounts 
to upwards of 65% of the total, and with a similar output to that 
last described, would suffice to dry perhaps 80% of the bricks 
burned in the kiln. 

German authorities, while strongly recommending the 
adoption of the system, acknowledge that there is great practical 
difficulty in equalising and controlling the heat distribution. 
This will be understood, and the ingenious attempts to overcome 
the objection appreciated on reference to the descriptions of 
these dryers which follow. 

Ohle- 

Fig. 41 shews a section of a dryer of the type invented by 
Ohle, though not drawn exactly to his detail. 

It will be observed that it differs from the dryer shewn in 
Fig. 24, in that it is provided with special means of directing 
the currents of warm air. The racks are not placed over the 
kiln itself, but are disposed on each side of it. A close floor 
is provided under them with a narrow space between it 
and the kiln walls. A close ceiling is also constructed 
with a narrow space next the eaves of the roof. The 
warmed air is therefore compelled to pass through the 
uncovered feed-holes of kiln chambers in process of cooling. 
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and also over the outer kiln wall faces, and it rises into the 
space above the kiln. It then moves laterally through the 
brick racks on each side and passes at the eaves into the space 
between the ceiling and roofing, carrying with it the moisture 
dried out of the bricks. 

Chimneys at intervals along the ridge serve to carry off and 
give the required ascensional force to the air, which, as 
previously stated, must always leave the dryer at a temperature 
some 8** or io° higher than that of the outer air. 




Fig. 42. 
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Fig. 43. 

COHRS. 

Ohle's system was introduced in 1886, and a somewhat 
earlier method of ventilating this type of dryer is shown in 
Figs. 42 and 43, the former being a transverse and the latter a 
longitudinal section. 

This is the invention of Cohrs, patented in 1883, and in it the 
air warmed by the kiln is transmitted through the racks A in a 
downward direction. 

In order to compel it to take this path a partition d is con- 
structed along the ends of the racks nearest the kiln. Doors 
in this partition give access to the gangways between the racks. 
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After traversing the racks and performing so much of the 
drying operation in its passage as it is capable of, the air enters 
a chamber B under the floor, by way of the openings e. 

This chamber is in communication with the chimney C, con- 
structed in wood. 




\\ XX I 
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The divisions of the dryer served by one chimney are 15 to 20 
feet in length, and there is consequently a row of these 
chimneys along each side of the kiln. Each chimney is in 
width about one-sixth of its length, such length being the same 
as that of the racks. 

The arrows in the figures indicate the direction of the air 
currents. 




Fig. 45. 

HOLZMANN 

. Figs. 44, 45 and 46 show one of the most elaborate of these 
systems. It was introduced by Holzmann in 1891, and has the 
advantage of racks at ground level instead of on a level with 
the top of the kiln. 

In the illustrations Fig. 44 is a partial cross section, Fig. 45 a 
partial longitudinal section, Fig. 46 a partial plan at floor level. 
The section Fig. 45 is taken on the line MN of Fig. 46. The 
peculiar feature is the honeycombing of the kiln walls, external 
and internal. The kiln chambers are seen at K. Below them 
and transverse to them is a series of channels B communicating 
with the opeii ajr. 
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Air enters under the floor of the dryer through the channels 
B. Portions of it passing through the openings E are warmed 
by the outer kiln walls. The remainder passing under the kiln 
chamber floors and rising through the channels D into the 




Fig. 46. 
space above the kiln, is warmed by contact with the middle 
walls of the kiln. 

The whole of the air is then directed, as in the system of 
Cohrs, downward through the racks, and at the base of them is 
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drawn into the chimneys C. The chimneys are provided with 
baffles to prevent downdraught due to wind. 

Special means, not shown in the figures, are constructed to 
direct the air currents into the desired sections of the racks or 
to close them. 

It is evident that the dryer is a most costly one to construct 
considering the uncertainty and insufficiency of the output. 

HOTOP. 

The invention of Hotop, introduced in 1893, is characterised 
by the adoption of a ventilating fan, and it also admits of 
supplementary heating apparatus to augment the output. 

A series of transverse racks A (Figs. 47 and 48), is enclosed 
by walls at each end and along the exterior. The sides next 
the kiln are provided with wooden partitions and doors giving 
access to the gangways between the racks. A ceiling / over 
the racks is provided with apertures h over each gangway, 
through which the air warmed by the waste heat of the kiln is 
drawn from the collecting chamber B. 

Similarly the floor e has openings g through which the air 
passes after doing its work into two chambers C below ground 



Fig. 47. 
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level. The openings g and h are provided with valves so that 
they may be opened and closed at will. 

At D is the fan chamber and at E a chamber for supple- 
mentary heating apparatus. These are also provided with 
controllable openings in the floor and ceiling, g\y ^2, and Ai, 
/t2 respectively. 

Shutters are provided for closing the chamber B if it is 
desired to use only the heating apparatus in E. 

When using the air warmed by the kiln it is drawn from above 
downward through the racks into the collecting chambers C, 
thence it passes by the openings gi into the fan chamber and 
through the fan. If the heating apparatus in the chamber E is 
used, the air entering from outside through the door / passes 
through the openings A2 into the chamber B (Ai being closed), 
and thence as before. The direction of the current may be 
reversed by closing ^i and A2 and opening g2 and Ai. The 
use of means for regulating the openings in the ceiling and floor 
of each gangway, provides for a graduation of the drying 
process. When first filled with wet goods the openings are 
partially uncovered only so as to admit but little air. As the 
drying progresses more and more air may be admitted. 

In some cases the racks have complete partitions in the 
middle of them as at ;//, thus completely isolating each gang- 
way so that it may be worked independently. 

The system of Hotop is evidently the most practicable of 
hose which are included under this heading. In comparison 
with others it is much less costly to construct, the racks are at 
ground-level and the addition of mechanical ventilation and 
means of regulating the air admission, and a supplementary 
means of heating, render it capable of complete control and a 
satisfactory output. 

Mensing. 

An earlier form of dryer coming under this section and 
calling for passing notice is that of Mensing introduced about 
the year 1859. 

It takes the form of separate chambers, which are filled and 
dried intermittently, and are in communication by means of 
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flues in the ground with a series of intermittent down-draught 
kilns. The heat for drying may be in the form of air, warmed 
by bricks cooling after being burned, or the gases of combustion 
during burning may be partly drawn through the chambers. 
In the former case the drying takes five to six days, the 
chambers being constructed to hold 2,000 bricks each. 

The hot air is admitted to each chamber by an opening in 
the floor at one end and withdrawn by a similar opening at the 
other end in connection with a chimney. 

The use of the gases of combustion in this system was in- 
troduced by Biihrer and Hamel in 1869. 

2^. Dryers furnished with heating flues and ventilating 
chiinneys. 

This sub-division comprises any form of shed to which access 
is usual to remove and replace dry goods, in which the heat is 
supplied by fuel or steam-heated flues, and a special chimney 
is provided in order to create a considerable movement of air. 

The only recognised special dryer of this kind is one in use 
in French faience works and illustrated in Figs. 49 and 50. It 
takes the form of a rack A, circular on plan, which can be 
rotated on its axis and which is enclosed in a cylindrical casing 
B only sufficiently large to admit of the rack and the heating 
pipes. 

A sliding door D at one point of the cylinder gives access to 
the rack, all parts of which may be in turn reached by rotating 
it on its axis. 

A spiral steam pipe P next the casing provides the heat for 
drying, and a central chimney C creates a current of air through 
the system from below upwards. 

The rotation of the rack is only for the purpose of bringing 
all parts of it opposite the door and has no bearing on the 
drying process. 

Several of these racks may be enclosed, if desired, in one 
cylindrical chamber. Each one then rotates on its axis and all 
are placed symmetrically about a central pivot. In this way 
each rack may be brought opposite the door of the casing and 
may be itself revolved so as to present all parts of it to the 
opening. 



Digit 



zed by Google 



BRICK-DRYING. 



91 



f1 



X- 




zed by Google 



92 



BRICK-DRYING. 





P^IG. 50. 
2c. Dryers provided with detached heaters and ventilating 
chimneys or flues. 

This sub-division differs from the preceding in the employ- 
ment of detached heaters. A dryer of this kind takes the form 
of a shed provided with racks, and may have one or more floors. 
It is closed hermetically, with air-tight doors for access, and 
the required movement of air may be obtained by means of tall 
wooden chimneys or ventilating fans. The disposition of heaters 
and ventilators may take any desired form, and Figs. 51 and 52 
show a convenient method of arrangement which has proved 
efficient in practice. 

A two-storey shed with a latticed floor is racked throughout 
transversely, A. At one end is a tubular steam heater shewn 
at B, Fig. 52. Air is drawn from without through the tubes of 
the heater, through the flues C and the openings D near ground 
level within the shed. It traverses the racks, rising partly through 
the lattice floor into the upper storey and finally is discharged 
into the outer air by the two fans F, Fig. 51, on opposite sides 
of the shed and at different levels. 
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This arrangement, though fairly efficient, is of doubtful value 
and has several drawbacks. It works solely on the " convection " 
principle, the air carrying all the heat provided for the drying. 
A large volume therefore has to be passed through the shed 
mechanically, absorbing power and creating unequal draughts 
which are difficult to control. 

Drying cannot be performed in such an arrangement more 
rapidly than in a simple shed, provided with racks, steam pipes, 
and simple'aeration. 
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2a. Dryers with isolated chambers or tunnels^ ventilated 
and used intermittently. 
There appears to be but one practical invention among dryers 
which is constructed and functions in the same way as a con- 
tinuous brick-burning kiln, and which at the same time is worked 
independently. Hardly any of the modern tunnel dryers which 
come under the third main sub-division make any attempt to 
recover the heat given off by the dry bricks as they issue 
from the tunnels, and it will be seen later that this heat is 
not an item to be disregarded. 

Weigelin. 
The invention of Weigelin of Stuttgart, however, does actually 
effect this recuperation and may be considered one of the most 
efficient as well as one of the most carefully designed dryers 
working on the radiation principle. At the same time it cannot 
compete actually with the more modern dryers for several reasons, 
chief among which is the cost of labour in working it. In 
construction, it takes the form of two rows of chambers <ar, 
Fig. 53, four or more in each row, with an accessible passage 
b between them. Each chamber has a hatchway in the outside 
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wall, for the purpose of introducing and withdrawing the goods, 
and this is bricked up and plastered exactly as in a kiln. 

Fire is lighted in one furnace c and the products of com- 
bustion pass through the flues d under the floors and upwards 
in the side walls, issuing above the goods stacked in the 
chambers. They then pass either over the goods or partly over 
and partly down through the goods and enter the next chamber 
through the opening /, travelling over the goods in it, or both 
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over and through them, leaving the chamber by way of the 
ceiling flue e to the main flue ^ and chimney h. 

The next chamber, which may be numbered III. (No. I. being 
the chamber heated by fire direct and No. II. by the products 
of combustion escaping from No. I.) is heated by air warmed 
by the dried goods in No. VIII. This second circuit is formed 
as follows : — Cold air enters through flue n into the middle 
passage ^, passes into the cooling chamber VIII. through 
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SjuUcn/ E, F. 



Fig. 55. 

i — ^ 






Fig. 56. 

opening fn near the ground, rises through the hot dry bricks 
and passes again into 3 by the top opening m' in No. VIII. 
The corresponding opening m' in No. III. is open and the hot 
air enters this, passing over the wet bricks and into the 
channels (f. It now flows through the furnace c of the same 
chamber into the flue fi under the floor of b and serves as air 
for combustion of the furnace in activity which is heating No. I. 
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This ingenious but somewhat complicated operation is not 
easy to follow. The effect, however, obtained when tender 
goods are being dried may be so arranged that the drying 
media, whether air or products of combustion, pass only (W^/ the 
goods and not through them, thus acting as means of carrying 
off moisture only, the heat for the actual drying being provided 
by radiation from the dryer walls and floors. The volume of 
these media also, as may be gathered from the description, is 
very small, whether passed through the goods or not. By 
reason of this a minimum of beat is wasted by the saturated air 
which carries off the moisture. 

This dryer which was introduced in 1891 is considered by 
German experts one of the most efficient invented, but it is 
evident that it is by no means easy to manipulate and is 
theoretically rather than practically good. 

The Figures 53 to 56 will be understood from the preceding 
description, it being necessary only to note further that the end 
chambers communicate by means of flues / and /, and the 
ashpits of the furnaces c are all in communication by means of 
flue/ under the passage floor. 

Jung. 

In the invention of F. H. Jung, of Salisbury, introduced in 
1893, a Hoffmann kiln is provided with six extra chambers, 
making twenty in all. In this way provision is made for the 
use of five chambers at a time in the circuit for drying soft 
made goods on cars. Five days or more are allowed in this 
way for the drying process and the goods can then be set in 
the adjoining empty chamber without further transport. The 
air for drying is heated in the tubes a under the kiln floors 
(Fig. 57), and also in the elaborate system of flues e^f^hyl 
above the kiln arches. It is drawn downwards and into the 
main flue ^, through the flues r, c' by the chimney draught. 
No heat is abstracted from cooling bricks in the chambers in 
this invention, so that it is only heat which would descend into 
the ground or radiate into the air through the kiln walls, which 
is made use of. Calculations already given (p. 93) shew that 
this heat is not sufficient in quantity to dry enough bricks to 
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supply the kiln. It is evident also that the cars in the chambers 
will not hold so many bricks as the chambers themselves when 
set for burning, so that the point for consideration is, whether 
the cost of the extra chambers is rendered advisable by the 
output of dry bricks obtained. 
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Peterborough. 

This invention is on somewhat similar lines to that in practice 
in Peterborough, where some five or six chambers have wicket 
fires for the purpose of drying the bricks, which are made stiff 
enough to bear at once the weight of others stacked on them in 
the chambers. In this case, also, the waste heat of cooling or 
radiation from the kiln would not suffice to dry the goods, 
although the contained water is comparatively small in amount, 
and this is the reason why wicket fires are used for the drying 
and " advance drying " flues are not found suitable. 

This method of drying is the most economical possible in cost 
of labour and fuel, for the bricks are but once handled, and 
when dry and warm are not again cooled before being burned. 
One pound of coal suffices to dry about 5lbs. of water out of the 
bricks. 

A small opening about Qins. square is made at the bottom of 
the brick and clay filling-in of the wickets or hatchways. Each 
chamber is separated from the adjoining ones by a partition either 
of paper or of brick. If of brick, openings controlled by 
dampers are provided, to allow of the passage of the kiln gases 
when the bricks are dry. If of paper, the paper is destroyed in 
due time by the advancing heat of the burning. The dampers 
of the chambers to be dried being opened, small fires are lighted 
against the holes in the wickets, and the draught caused by the 
chimney draws into the chambers the products of combustion, 
largely diluted with air. The heat thus introduced is not 
sufficient to damage the newly-made bricks. A small fire suffices 
burning from 2 to 3 cwt. of coal per day, and it is usually kept 
going for six days before the chamber is included in the burning 
circuit of the kiln. 

The other chief kinds of dryers included under this head are 
in tunnel form and used intermittently. They differ from 
the Keller dryer, described on page 91, chiefly in the provision 
of ventilating appliances, either in the form of chimneys or fans, 
and the chief difficulty which has arisen in practical work has 
proved to be the regulation and distribution of the ventilation, 
so that all the goods in one tunnel are dry at the same moment. 

The home of the tunnel dryer, whether continuous or inter- 
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mittent, is America, and it is thence that come most of the 
successful forms. 

Arnold. 

The invention (1890) of P. Arnold, of Canal Dover, Ohio, is 
provided with a tall wooden chimney at one end for ventilation, 
and with steam pipes under a latticed floor for the source of 
heat. 

Below the pipes are air inlet flues with graduated perfora- 
tions for admitting air. 

The dryer consists preferably of three tunnels, so that one is 
closed for drying while the other two are in process of emptying 
and filling. 

Flues in the ceiling, with specially designed inlets irom the 
tunnel, serve to conduct the moist air from all points to the 
chimney. The goods may be placed on cars running on rails, 
or simply stacked on one another, or on cradle pallets in the 
tunnels. 

American Clay Working Co. 

A more recent and successful development of this system is 
that of the American Clay Working Machinery Co., of Bucyrus, 
Ohio, which is illustrated in Figs. 58 and 59. Fig. 58 is a 
perspective view, and Fig. 59 a cross section. 

Six tunnels B are shewn, enclosed in thick outer walls A and 
separated by wood partitions. 

Under the roof a are spaces C, which communicate with the 
tunnels by means of flues or pipes d^. 

Heat passing through the ceilings of the tunnels warms 
the air slightly before it descends the flues dK 

When the air reaches the tunnel floor it passes over steam 
pipes d (shown only in the two right-hand tunnels). 

Flues D, which are extended upward in the form of small 
wooden chimneys, serve to carry off the moisture-laden air, 
which is admitted to them by controllable openings / and g. 
The number of flues D and d\ and of openings / and g^ is 
determined according to circumstances in each individual case. 
The number of steam pipes also may be varied, and some as 
shewn in Fig. 59 may be placed at the sides as well as at the 
bottom of the tunnels. 
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Fig 59. 

Cars are introduced on the rails c. At the entrances to the 
tunnels in Fig. 58, will be noticed handles h and h\ which are 
connected by means of long rods with the regulating covers 
of the moist air outlets / and ^. These can thus be controlled 
at will from outside. 

This dryer may be considered a simple and efficacious solu- 
tion of the practical difficulties which arise with Keller's dryer. 
The rack and barrow system could well be applied to it in place 
of the more costly brick cars, and the dryer would then probably 
be as cheap in first cost and as efficient in practice as any that 
could be designed for working intermittently and drying tender 
goods, which must be allowed more than 48 hours in the process. 

An advantage not indicated by the inventors might be 
obtained by warming the air supply to the tunnels in action, by 
passing it over the hot dry bricks in tunnels just dried. This 
recuperative action is not apparently indicated in any 
intermittent drying system except that of Weigelin, described 
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above. It would render the tunnels more comfortable for 
workmen to empty, as they are usually very hot when first 
opened. 

The suitability of this dryer, as well as of Keller's and of some 
of the open shed forms for drying tender clays, is due to a 
judicious combination of the two principles of radiation and 
convection. A tender clay will permit of heat being supplied to 
it by radiation much more rapidly than by conduction or con- 
vection, and by restricting the aeration to the lowest quantity 
possible, at the various stages of drying, to ensure carrying off 
the moisture evaporated, rapid drying without cracking can be 
accomplished. 

The fact that the clays found in greatest quantity are usually 
easy to dry may perhaps account for the fact that dryers of this 
type are few in number in comparison with those working solely 
(or nearly so) on the convection principle. 

Of this latter type, two forms may be here noticed, on account 
of the ingenious devices employed, before proceeding to the 
description of the modern progressive tunnel dryers. 

SCHEIDWEILER. 

The construction of Scheidweiler of Dortmund (Germany) is 
characterised by a means of reversing automatically the direction 
of the hot air currents in the tunnels so as to ensure the simul- 
taneous drying of the goods in them. 

Fig. 60 shews in diagrammatic form the plan of a series of 
tunnels, A. At B is the source of heat, which may be of any 
desired form, such as a steam air-heater, coke air-heater, or 
direct furnace supplying diluted gases of combustion. At C is 
a chimney or fan providing the requisite suction of the air or 
gases through the tunnels. D is a supply flue with valves di 
and d2 at its extremities connecting it with flues Ei and E2, 
which extend across the ends of all the tunnels. 

Apertures ei and ^2, with controlling valves, open from these 
into the tunnels at the floor. 

At the chimney side of the tunnels is a flue F with valves 
fi and /2, also communicating with the service flues Ei and E2. 

It will be seen that if the valves di and /i are open at the 
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same time the current of hot air or gases will follow the direction 
of the arrows, whereas if di and /i are closed and d2 and fz 
are open, they will travel in the reverse direction. By reversing 
frequently the direction of the currents, simultaneous drying 
of the goods in the tunnels will be ensured. The goods may 
be stacked in the tunnels in any desired manner. 

The regular and frequent reversal of the currents is obtained 
by means of a water oscillator connected with the valves dTi, 
d2, /i and /2. The principle of this is shewn in diagram in 
Fig. 6i. 

^^ » <' ^- 




9^^ y ^ -i- i-iu^me i^^/dri^i * ^ /fy^v^^Pt^ y 



Fig. 6i. 

Two buckets, Ai and A2, are swung on a beam, B, pivotted at 
C. At D is a water service pipe with taps, d\ and d2^ so placed 
that they are directly over the buckets in their highest positions. 

In the bottoms of the buckets are valves, ai and a2. At ei 
and €2 are studs placed directly under the valves a\ and a2, 
when the buckets are at their lowest positions. The spindle at 
C on which the rod is pivotted is in connection with levers 
which actuate the valves of the dryer and the taps of the water 
service pipe. 

Suppose, now, the apparatus be in the position shewn. The 
valves of the dryer di and fi (Fig. 60) are open and also the 
tap d\^ of water service. Water gradually fills the bucket Ai, and 
when it is full the friction of the system is overcome by the 
weight of the water in the elevated bucket, so that it 
lescends reversing the dryer valves, closing the tap </i, and 
»pening the tap di. The valve a\ also strikes on the stud e\ 
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causing it to open and permit the escape of the water in the 
bucket A I. The currents of hot air or gases in the tunnels are 
now reversed during the filling of the bucket A2, which, when 
full, in its turn descends, bringing the whole system to its first 
position. The taps ^i, d2^ and the valves ai^ a2, should be 
adjusted so that the filling and emptying proceeds at the 
same rate. 




Fig. 62. 



Fig. 63. 



Fig. 64. 
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ViLLARET & WaHLEN. 

The system of Villaret & Wahlen, of Cologne, shews a 
combination of devices for equally distributing the hot air 
currents and also for graduating the intensity and dryness of 
them. 

Fig. 62 is a longitudinal section, Fig. 63 a cross section 
through the flue a, and Fig. 64 a plan on the line YY. 

Tunnels A, filled with bricks as in Keller's system by means 
of a car (shewn in Fig. 65), have longitudinal flues m beneath 
with openings o at intervals into them through the floor. 

The flues m are served with air by the transverse flues a and 
^, one for hot and the other for moist cool air. 

The adjustment of this supply is made by valves B (Fig. 64), 
by means of which moist cool air can be admitted with a small 
addition only of hot dry air at first. By revolving the plate B, 
more hot and less cool air may from time to time be admitted 
to the flues m. In this way gradual drying is obtained at first, 
which is accelerated as the progress of drying advances and the 
bricks become less sensitive. 

In the figure 63 the fan ai supplies flue a from the chambers 
over the tunnels, into which the cooler and moistened air escapes 
from them after doing its work. A similar fan supplies the flue 
d from an air heater of any desired form. 

The inventors further provide fans at D and D i into cross 
flues which communicate with the tunnels by openings g in 
the ceiling. 

Air entering the tunnels at o rises through the bricks rapidly 
to the top and passes through /, but in order to make full use 
of it a portion is driven down again through g by the fans D 
and Di. This is done to counteract the ascensional force of 
the warm air and ensure the drying of the lower tiers of bricks. 

The surplus air, equal in quantity to that supplied through 
flue d from the heater, escapes by the chimney shewn in the 
figures. 

In connection with this system the inventors use a rail barrow, 
similar to that used by Keller, This one, however, as shewn in 
Figs. 65 and 66, is contrived for a further purpose. When 
loaded with dried bricks the whole frame can be tipped back 
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on the pivot/, by means of the lifting-lever^, and the barrow 
will then enter the ordinary kiln wickets without difficulty. 

The barrow is also intended to be loaded direct from the 
machine instead of with an intermediate rack, and several 
ingenious variations of form have been devised to facilitate 
loading. 

These last-described dryers are worked intermittently and on 
the convection principle only, and though ingeniously designed 
to overcome the difficulties of unequal drying are open to the 
objection of all the systems described under this head which are 
strongly ventilated. 

It is evident that as the bricks become more and more dried 
a successively larger quantity of heat must be wasted by the 
escape of hot air only partially charged with moisture. This 
result is inevitable with any rapid drying system which works 
intermittently. The objection, however, does not hold in the 
case of the systems of Keller and the American Clay Working 
Machinery Co., because the aeration or ventilation is slight and 
in the latter system may be reduced as drying progresses, so that 
very little heat is lost with the escaping air. The rapidity of 
drying, however, is less in consequence, and a period of four 
days must on an average be allowed. 

Some progressive systems will dry successfully the most tender 
clays in half this time, or even less, but they are, as will be 
seen later, more costly to install, and it is a matter to be 
determined by the individual clayworker whether the inter- 
mittent Or progressive form is best suited to his particular 
requirements. 

It may, however, confidently be stated that the two systems 
above mentioned are reliable, efficient and economical for use 
in the drying of tender clays which crack easily, and will not 
bear strong air currents. 

Chambers. 

Before leaving this section, mention should be made of the 
dryer of Chambers, of Philadelphia. It is illustrated and 
described in some important works on brickmaking, but it is 
now practically obsolete. It is in tunnel form, with an iron 
floor on which the car track is laid. A gyrate is constructed 
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under the floor of each tunnel, and the products of combustion, 
mixed with a considerable volume of air, rise through occasional 
openings in the floor into the tunnel. A chimney at the end 
produces the required draught. The dryer is intermittent in 
action, inefficient in comparison with progressive dryers, and 
cannot be used for any but the most easily dried and commonest 
of clays. 



CHAPTER VI. 



III.— Dryers Warmed and Ventilated with the Goods 
Moving and Drying Progressively. 

This modern form of dryer, which, as a general rule, works 
on the convection principle, has been developed in Germany 
and America, and it is remarkable how little inventive genius 
has been applied to its perfection in this country. It is the form 
which effects the greatest saving in labour, so that its use is 
becoming more and more imperative as labour becomes scarcer 
and dearer. 

The labour difficulty accounts for the development of the 
system in America. In Germany, on the other hand, labour is 
cheaper than in England, and the use of tunnel dryers is but 
occasional, those most in vogue being of a very expensive type 
of construction. 

a. Dryers ventilated in the reverse direction to that in 

which the goods move. 

Before describing the progressive tunnel dryers and discussing 

their mode of working and efficiency it will be convenient to 

give a description of several dryers of this type which are not 

strictly speaking independent tunnel dryers. 

The sub-division might be further split up into classes 
indicative of the system of heating adopted. In general, how- 
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ever, all inventions coming under the present heading may be 
supplied with heat in a variety of ways, and it will be better to 
study them from the point of view of form. 

Bland. 
The annular form has little to recommend it in consequence 
of the mechanical difficulties of construction and provision of 
motive power. The invention of P. E. Bland, of St. Louis, so 
far back as 1867, however is worthy of notice, as it is among 
the earliest invented progressive dryers. 




Fig. 68. 

Figs. 67 and 68 shew its form in plan and cross section. 

A revolving annular table 500 feet in circumference is carried 
on anti-friction rollers and is moved by a rack and pinion 
device. The brickmaking machine deposits three bricks at 
once on the table by an ingenious automatic arrangement, so 
that no labour is expended from the time the clay is dropped 
into the hopper till the dry bricks are ready for wheeling to the 
kilns. The output of this apparatus is evidently quite in- 
adequate, and quite out of proportion to its cost of installation. 

In Fig. 67, B is the brick machine, 7 the annular tunnel, 3 
the moving table and 9 the chimney, while at 25 is seen an 
automatic discharging device for delivering the dry bricks onto 
the kiln cars. The hot-air current, taken from cooling kilns K, 
is passed in at the same point as the wet bricks and travels in 
the same direction. It may, however, be passed in the opposite 
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direction, says the inventor, which is obviously the correct and 
only efficient way in which it could be used in practice. 
Fig. 68 is a cross section on line z z. 

Columbian Pottery Co. 
An annular drying arrangement in connection with a brick 
burning kiln, with revolving annular floor, was patented in 
1894 by the Columbian Pottery and Brick Kiln Co., of Chicago. 
A great deal of ingenuity is shown in the design of this kiln, 
but the drying portion of the arrangement is subsidiary, and 
does not call for illustration or description. 

Sturm. 

A more elaborate and carefully worked out circular dryer is 
that of Henri Sturm, of Paris, patented in 1898. It is designed 
for drying ceramic ware, and is capable of a considerable 
output, but as will be seen from the figures (69 and 70), it is not 
a labour-saving device in the sense of the progressive tunnel 
dryer. The goods, after being conveyed to it, must be twice 
handled before reaching the kiln in the dry state, labour which 
is entirely avoided in the tunnel dryers. 

Fig. 69 is a plan, and Fig. 70 a section on the line O P Q R. 
The outside diameter is about 55ft., and it is divided into 
twenty sections each about 8ft. by 6ft. by 9ft. high, provided 
with shelves, on which the goods are placed. The framework, 
carrying the revolving platform, is pivoted at the centre, and 
runs on conical-shaped rollers which travel on rails. 

A fan delivers air through a tubular heater, 19, shown in the 
drawing as coke-fired. The heated air travels through an outer 
flue, 18, with three controllable inlets, 17, into the drying 
chambers. It leaves the dryer by the chimney 21, into which 
the gases of combustion are also led by a flue-pipe. The outer 
wall, II, and ceiling 3 are fixed, while the inner wall 2 and 
platform i move with the chambers, and an air-tight seal is 
made by a sand groove 15, and curtain 37. At 16, an opening 
in the outer wall provides means of access for loading and 
unloading the goods. A dryer of this size would be capable of 
an output of about 25,000 bricks per day, or a correspondingly 
large quantity of ceramic ware. 
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Progressive dryers in combination with continuous kilns date 
from 1884, but in order to treat of all progressive tunnel-form 
dryers together, a form perfected in 1890 may be better 
described at this point. 
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SCHAAF. 

The invention of Schaaf, of Halle, in Germany, may be in- 
stalled over a Hoffmann kiln in the way described in connection 
with section ILa of the sub-division, or it may be constructed 
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quite independently and supplied with heat by means of steam 
or hot- water pipes. It is probably unknown in England, but it 
has many features to recommend it, and is considered by 
German experts to be one of the most efficient brick dryers 
known. 

It may be conveniently described as consisting of a range of 
pigeon-holes, each large enough to admit a green brick on its 
pallet. The pigeon-holes are inclined so that the bricks slip 
down them to the lower extremity by gravitation. At the 
bottom of the slide is a straight length which serves to arrest 
the slipping process, so that each pigeon-hole is filled with 
bricks which remain stationary till the bottom one is removed. 





Fig. 71. 
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A current of warm air ascends each pigeon-hole, and in its 
progress absorbs moisture from the bricks, which, eptering wet 
at the top, are dried by the time they reach the bottom of the 
slide. The ascensional force may be provided by a fan or 
chimney. 

Fig. 7 1 shows in diagram, a section of an independent dryer 
to which the requisite volume of hot air is supplied from the 
chamber C. This chamber also serves for collecting the dry 
bricks at the point/. 

The air ascends through the pigeon-holes A, passing out of 
them into chambers B, and thence up the chimney D. 

Wet bricks are introduced into the pigeon-holes by way of 
chamber B, and slip on pallet boards from e to/. 



II 






Fig. 72. 

Fig. 72 is a part diagrammatic section of the pigeon-holes on 
the line M N. 

Fig. 73 shews in longitudinal section the construction adopted 
when steam or hot water pipes are used for heating the dryer. 
The pigeon-holes are larger and each serves for the passage of 
three or more tiers of bricks, the pallets carrying which slide on 
side ledges w n. The pallets/ are furnished with light veils z/, 
and the horizontal partitions with similar veils w, to compel the 
air currents to pass closely along the surfaces of the bricks. 
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Fig. 74 shews the dryer applied to a Hoffmann kiln. This 
figure explains itself, and it is only necessary to note that the 
lower ends of the horizontal partitions are perforated in a 
manner calculated to distribute the air currents equally to all 
the pigeon-holes. 
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Fig. 74. 

The claims of this dryer to efficiency are : (i) that the air for 
drying is split up into many independent currents which are 
compelled to come into very close contact with the goods and 
yield up all their available heat ; (2) that very little heat is lost 
by radiation from the walls. A dryer of this form has three 
times the capacity of a racked shed, and in practice one 120ft. 
long by 65ft. wide will yield an output of 20,000 bricks daily if 
heated only by day, and of 30,000 daily if heated at night also. 

It is said to give superior results, compared with the 
other forms described under section II. a, when installed over 
Hoffinann kilns. 

Tunnel-form dryers, in which the bricks are passed on cars 
through a tunnel constructed between the two galleries of a 
Hoffiiiann kiln, are in use to a small extent. They do not, how- 
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ever, give an adequate output, and have several drawbacks in 
practice. 

Cook. 

The invention, in 1893, o^ Richard Cook, of Kensal Rise, 
Middlesex, has several good features and has the merit of using 
to some considerable extent the principle of radiation. 

Fig. 75 is a sectional plan. Fig. 76 a central longitudinal 
section, and Fig. 'j'j a cross section of the kiln. 



Fig. ^^. 

Between the two galleries of burning chambers F C is con- 
structed a tunnel D C. At the lower part of this is the smoke 
flue S F leading to the chimney. It is covered with sheet 
iron on which are fixed the rails for the dryer cars. 

A separate inner tunnel with iron ceiling is formed within the 
main tunnel, but stops short at one end. Hot air from 
cooling burned chambers is admitted by openings T F to the 
jacket between the two tunnels, and at the end where the inner 
one is stopped short, finds its way into the interior and 
through the cars. 

The flues I F are for use in advance warming of the green 
bricks set in the chambers for burning. 

The iron ceiling transmits radiated heat from the hot air and 
the iron floor from the hot smoke. It will be seen, however, 
that the hot air enters the jacket close to the free end for a 
large proportion of the time, and the smoke very seldom 
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traverses the whole length of the kiln smoke flue. The walls 
of the drying tunnel are therefore not uniformly subjected to 
same conditions of heating. The cooling of the smoke also is 
not permissible unless a suction fan provides the draught for 
the burning. 

Weijers. 

In March, 1899, Weijers, of Tilburg, in Holland, patented an 
arrangement which is an exact copy of Cook's invention, though 
not so fully worked out in constructional detail. 

In June, 1899, again he patented a modification which makes 
use of an appliance in connection with tunnel dryers, patented 
two years earlier by an Englishman. This appliance consists 
of a large sheet-iron tube or tubes conveying the hot products 
of combustion along under the dryer cars. 

These patents (?) illustrate, perhaps, the proverbial slimness 
of the Dutchman, and certainly the bad methods of the English 
Patent Office, which grants any application, leaving the 
patentees to fight out the merits of their inventions among 
themselves. 

Great difficulty is found in this form of kiln in carrying the . 
heat rapidly from one burning gallery to the other, and supple- 
mentary fires have to be provided to assist in obtaining this 
result. There are evidently, therefore, so many drawbacks to 
this form of construction that independent tunnel dryers are 
undoubtedly preferable. 

Tunnel Dryers. 

The independent progressive tunnel dryers which come in 
the present sub-division are the dryers which have met with the 
most widespread adoption and practical success, and it is 
perhaps as well to refer to the calculations as to heat absorption 
and fuel consumption, stated on page 44, and supplement 
them with further statements of the conditions which 
obtain in this form of dryer. Before doing so, however, it is 
advisable to glance at the typical form of such dryers as 
illustrated in the design, in 1884, of Frederic Hoffinann, the 
inventor of the well-known Hoffinann continuous kiln. 
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Fig. 78. 

Hoffmann. 

The tunnels are placed by the side of and end'on to the kiln, 
and the heat is drawn from cooling burned bricks and the ex- 
ternal kiln walls. By means of flues, shewn in Fig. 78, the air 
heated by these sources is conveyed to the end of tunnels and 
delivered into them by openings in the service transverse flue 
A, which is sunk in the ground. 

Figs. 79 and 80 shew the tunnels in plan and longitudinal 
section. 

The cars C carrying the bricks to be dried are introduced at 
the cold end and are moved step by step in the direction of the 
arrows (shewn outside the tunnel) to the end where the heated 
air enters from flue A. They arrive here warm and with the 
bricks completely dried. 

The hot air is drawn by a fan in the reverse direction (as 
indicated by arrows inside the tunnel), and arrives at the end 
of the tunnel cooled and charged with moisture evaporated 
from the bricks. It is collected by a transverse flue B similar 
to the service flue A. 

This, then, is the typical progressive tunnel dryer on the 
inverse principle. The speed of drying, and consequently 
the output, depends on a combination of conditions of volume, 
temperature and distribution of air obtaining in each particular 
case. The speed at which the bricks can be dried, however, 
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depends on an entirely different set of conditions, and the 
efficiency of a dryer depends on the adjustment of these two 
independent sets of conditions to each other in every case on 
its own merits. 

As this treatise is intended to be practical rather than 
scientific, it is not proposed to go into scientific calculations 
and formulae in order to demonstrate the processes which 
take place in this form of tunnel dryer. It will be instructive, 
however, to examine these processes in a typical case such as 
can be found exemplified in many manufactories in this country 
and elsewhere. 

A single track tunnel 120ft. long containing 16 rack cars, each 
capable of carrying 360 bricks, may be worked to dry some 
clays in 24 hours. This is the same as staling that J 6 cars of 
bricks are dried in that time, which gives a rate of four bricks 
per minute if the conditions are constantly the same and the 
dryer is worked with proper attention and regularity. 

It was shewn on page 43 that the most efficient practical 
range of tempetature is between 170° and 82** F. for the air 
entering and leaving the tunnel respectively. It will be observed 
at once hat the Hoffinann tunnel described as the type could 
not be efficient because the air would not enter it warmed above 
90° or 100°. 

The actual temperature of 170" can be maintained in practice 
by the use of live steam or by exhaust steam supplemented by 
live steam, and is therefore a practically useful point. Reduction, 
however, to 82° is not satisfactory because air so far reduced will 
as a rule part with its moisture too readily when wet cold bricks 
are first introduced into it. This results in condensation on the 
bricks even if the air is not saturated with moisture, an effect 
not easily prevented in inverse system tunnels, but which must 
be reduced to a minimum. In practice the air is usually dis- 
charged at 90° and not saturated with moisture. 

Taking the four bricks per minute dried in a tunnel the heat 
absorbed in the process is as follows, assuming the cars to 
weigh 54olbs. each, and the bricks when dry 7ilbs. each and 
the water to be dried out of them ilb. each. 
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B.T.U.* 
Heating cars from 50" to i7o'' = 61bs. ... 82 

Heating day „ „ „ „ =3olbs. ... 720 

Heating water from 50** to 9o**=4lbs. ... 160 

Evaporating water at 9o° = 4lbs 4,232 

Loss by leakage and radiation (say) ... 806 



6,000 
The weight of air necessary to yield this amount of heat in 
cooling from 170^ to 90^ is : — 

6,000 ,,, 

•237x80 =3i61bs. 

The volume of this at 170*^ F. is 5,000 cubic feet, which is the 
volume to be supplied to the tunnel per minute, and it will leave 
it not much more than half-saturated with moisture. 

The amount of heat required to warm the air from 32^ to 
170° is 316 X -237 X 138=10,350 B.T.U., which is about the 
amount yielded by the combustion of ilb. coal. The trans- 
ference of heat, however, from the coal to the air through the 
employment of steam results, if livfe steam only be used, in a 
further loss of efficiency, for lib. of coal will evaporate say 81bs. 
of water at most into steam, which, on condensation in a heater, 
will yield only 7,736 B.T.U. out of the 10,350 required. 

In practice, the efficiency of a steam-heated tunnel dryer may 
be expressed by saying that 2ilbs. of live steam is condensed in 
drying lib. of water out of a brick. Similarly, it takes at least 
3lbs. of exhaust steam to effect the same result, because of the 
large proportion it contains of already condensed water. It 
follows from this that 3 cwt. of coal is required to dry 1,000 
bricks by means of live steam, and if exhaust steam only is 
used by day (10 hours) and live steam at night, the coal required 
is from ij to 2 cwt. per 1,000. 

It will be observed that in this calculation as much as 5,156 
B.T.U. out of the 10,350 supplied to the air are lost, or a 
proportion of 50 per cent. The waste by radiation is assumed 
at 806 B.T.U., or 8 per cent., and that lost by discharging the 
air at 90^ is actually 4,350 B.T.U., or 42 per cent. Herein, as 
will be seen more conclusively later, lies the weak point of the 

• " British Thermal Units," defined on page 5. 
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inverse system of tunnel drying. A large volume of air must be 
used, and it must be permitted to carry off a large amount of 
heat in order to obviate the condensation of its contained 
moisture on the cold bricks newly introduced into the tunnel. 

The devices proposed and employed to counteract this 
drawback will be noticed in the descriptions of systems 
in use. 

A loss is also incurred of upwards of yi per cent, in dis- 
charging the cars and bricks highly heated from the dry end, 
and not again recovering the heat they yield in cooling. 

If exhaust steam only is used, the air for drying cannot be 
heated above 1 50°, and its efficiency is consequently reduced. 
It is, therefore, a good practice to use exhaust steam to heat the 
air as far as the quantity available will serve, and then heat it 
finally up to 170" or 180° by means of live steam. 

Another means of heating the air is by a tubulaf coke heater, 
in which the gases of combustion pass over the tubes, and the 
air is drawn through them. A simple heater of this kind is not 
to be recommended and is not more efficient than a steam 
heater. It is also very irregular in its action in consequence of 
the rise and fall of heat at the grate. 

It is the practice in some instances to pass the gases of 
combustion themselves through the tunnels. This, of course, 
can only be done when the goods are of a very inferior quality. 
The products of combustion, which leave the grate at a 
temperature of 1,500° to 2,000° F., must be diluted with six to 
nine times their weight of cold air so as to reduce their 
temperature to about 200°. 

The apparatus employed for this purpose will be described 
later. 

In this process the heat calculation becomes the following : — 

B.T.U 

Heating cars from 50*^ to 200" 102 

Heating clay „ „ „ 200^ 900 

Heating water „ „ „ 90** 160 

Evaporating water at 90^ 4,232 

Loss by leakage and radiation, say ... 1,606 



7,000 
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The weight of air and gases of combustion combined 
necessary to yield this heat in cooling from 200** to 90*^ is : — 

7'°°° ^ 268 lbs. 
•237 X 1 10 

The volume of this at 200° is 4,466 cubic feet. 

Now, the 268 lbs. of air and gases have to be raised in 
temperature by the combustion of the coal from 32** to 200*, 
which requires 268 x -237 x 168= 10,670 B.T.U., which is practi- 
cally the same result as was obtained in the first case. 

In this case, however, there is no additional loss in the con- 
version of the heat as in the case of generating steam. The 
coal consumption is about i lb. or equivalent to 2 J cwt. per 1,000. 
The loss by radiation is considerably greater because of the 
higher temperature employed and the loss from the heater 
itself by radiation. 

The foregoing calculations are sufficiently exact to indicate 
the efficiency which may be expected from tunnel dryers on the 
inverse system which are provided with heat by convection (/>., 
heated air). They err on the side of moderation when compared 
with practical performance, and it is necessary here to re- 
iterate the warning previously given of the necessity of accept- 
ing with caution the statements given as to the efficiency of 
different types of dryers. It must be noted, also, that the 
figures are calculated on an assumption that the bricks contain 
only I lb. each of water of manufacture. The fuel consumption 
will be increased by at least 25 per cent, if the bricks contain 
li lbs. each of water to be dried. 

It is, perhaps, as well to note here that although the inverse 
progressive tunnel does not, perhaps, show the fuel efficiency 
which might be expected from it and is often claimed for it, the 
labour economy in its use is so great, the independence it gives 
of weather and seasons is so important, and the space occupied 
for a given output so reduced, that its adoption is strongly 
advisable in works where the clay will admit of rapid drying 
and is not damaged by strong air currents. 

This view of the matter will be fully discussed after description 
of the systems in use. 
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These systems will not be taken in chronological order, but 
from the standpoint of method of heat supply, the simple con- 
vection method being taken first 

Cummer. 
The dryer designed by David Cummer, of Cleveland, Ohio, 
was, perhaps, one of the earliest inverse tunnel dryers. It was 
worked originally by using the gases of combustion direct, and 
later with a tubular coke heater. It is very curious to note 
that while the Cummer dryer is superseded in America and 
this country, it is still largely advertised in Germany ! 
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Blackman. 

The Blackman Ventilating Co. have also installed dryers on 
both these principles, the heaters for which are illustrated in 
Figs. 81 to 84. 

It is quite unnecessary to illustrate the tunnels themselves, as 
they in no way differ from the typical form illustrated in 
Figs. 79 and 80, p. 125. 

For the direct use of the diluted gases of combustion, the 
most approved form of furnace is that shewn in Figs. 81, 82 
and 83. 
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An ample grate surface G is provided for the combustion of 
coke at a comparatively low temperature. A fan of the venti- 
lating type V creates the required draught, and delivers the hot 
gases into the service flue A of the tunnels. The furnace front 
is provided with doors D of large area, formed of wire gauze of 
close mesh. These create sufficient resistance to the passage of 
air to ensure the requisite supply to the grate itself. 

The air which passes through the wire doors dilutes the gases 
of combustion, and adjustment is easily obtained by opening 
them till the required volume of gases is found to be delivered 
to the tunnels at the proper temperature. 

A regenerator R is provided between the grate and the fan 
for the purpose of equalising the fluctuations caused by varying 
intensity of combustion. It is built in firebrick, and in practice 
enables a sufficiently uniform result to be obtained. 
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Fig. 84. 
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Fig. 81 is a plan, and Figs. 82 and 83 longitudinal and trans- 
verse sections on the lines L L and T T respectively. This 
fOrnace is known by the name of " Slab-Heater." It is em- 
ployed in other modifications of the Blackman tunnel dryers 
which will be described later. 

The tubular coke heater employed by the Blackman Venti- 
lating Co. for the heating of pure air is shewn in section in 
Fig. 84. 

The products of combustion are passed over a series of 
wrought-iron tubes, and then issue by the chimney into the 
open air. Air is drawn through the heater tubes by the fan 
which delivers it to the service flue of the tunnels. 

As remarked before, the products of combustion in this form 
of furnace leave the chimney at a high temperature, so that 
there is a considerable waste of heat, and it cannot be con- 
sidered an efficient arrangement. 

Both this and the slab-heater when placed above ground lose 
heat by radiation, so that it is preferable to construct them when 
possible in the ground or even beneath the tunnels themselves. 

SUTCLIFFE. 

The Sutcliffe Ventilating Co. shew a slab-heater sunk below 
ground level and at one side of the tunnels. The disposition is 
rather different from the Blackman heater in that the excess air 
supply for dilution of the combustion gases is passed between 
the heater and the heater roof, the volume being regulated by a 
simple counterbalanced register. 

Steam Heaters. 

Steam heaters when used alone are always placed under the 
tunnels at the warm end. Two types of these are employed 
the tubular heater and the pipe heater. 

The tubular heater is practically a surface condenser, with 
cold air as the condensing medium. 

It is cylindrical or boiler-shaped and from 10 to 12ft. long, 
with a varying number (from 1 50 upwards) of 3in. tubes through 
which the air is blown by the fan. 

Exhaust or live steam is admitted at the top and at the 
end furthest from the fan, and in the under side is a trap for 
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draining away the condensed water. A safety valve also is 
usually attached, set to blow off at about 6olbs. pressure. 

This form of steam heater is adopted by the Blackman and 
the Sutcliffe Companies, and the details of position, &c., as 
planned by the latter are shewn in longitudinal section in 
Fig. 85. 

In this the heated air is delivered into the tunnels, through 
two or more openings O in an iron-plate floor carried some 
20 feet along the hot end of the tunnel. 

I is the steam inlet, T the outlet trap, and S the safety valve 
The fan V draws the air through the grating G and delivers it 
through the tubes of the heater H. 

This form of heater is satisfactory for use with live steam or 
exhaust steam separately, but is not to be recommended for the 
combined use of both. 

American Blower Co. 

The pipe heater used by the American Blower Co. and 
others is a more efficient appliance, though more costly to 
instal. Being constructed in sections placed one behind the 
other, the first ones may be supplied with exhaust steam which 
will heat the air to 150° or 160° and the last one or two with 
live steam in small quantity which will raise the temperature of 
the air finally to 170° or 180°. Each section is entirely in- 
dependent with separate steam supply pipe and draining trap. 

It consists, as shown in Figs. 86 and 87, of four rows of pipe 
I -in. diameter fixed in a hollow base. Each pipe with its 
connecting elbows forms a complete inverted U, one leg of 
which is open to the chamber B and the other to the chamber 
C of the base. 

A supply pipe A conducts live or exhaust steam into the 
chamber B, and the chamber C receives the condensed water 
which drains away by the pipe D. This draining pipe is fitted 
with a trap to prevent the escape of uncondensed steam. 

Fig. 87 is a plan of the base, and the arrows show the direc- 
tion in which the air to be heated is passed over the pipes. 

Six sections are usually placed one behind another, and the 
whole are encased in sheet iron. The back is left open to the 
main duct which supplies the tunnels with heated air, and on 
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Fig. 87. 
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the front a casing is provided with a fan placed centrally to 
-deliver cold air over the pipes, as shown in Fig. 88. 



Fig. 88, 

A heater of this form is very compact, and provides a very 
large heating surface. In the size shown in the figures, 
5ft. by 5ft. by 6ft. 6ins., the surface is upwards of 1,200 
square feet, and may be used to condense 1,800 lbs. of steam per 
hour. The tubular steam heater on the other hand, 5ft. 6in. in 
diameter, 12ft. long, with 200 3-in. tubes, contains 1,900 
square feet of surface, and will condense about 2,500 lbs. of 
steam per hour. 

With both appliances, of course, the condensed water issues 
hot from the heater, and should be used for the boiler feed. 

In connection with this point a difficulty occurs with steam 
impregnated with the lubricating oil which is introduced into the 
engine cylinder by a sight-feed lubricaiot. To meet the 
difficulty, the American Blower Company have introduced an 
ingenious oil separator which separates the oil mechanically from 
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the steam before it is condensed. Filtration of the water after 
condensation of the steam is not found to be efficacious on account 
of the extreme fineness of the oil globules and the close mixture, 
in the nature of an emulsion, which they form with the water. 

The American Blower Company instal the tunnels in the 
typical form without any notable variation, and no attempt is 
made to adopt any other principle than that of convection for 
the heat supply. 

The Sutcliffe Ventilating Company, as shewn in Fig. 85, fix 
an iron plate floor for some portion of the length of the tunnel 
at the hot end. This imparts some amount of heat by radiation 
to the bricks over it, but it cannot be considered as a serious 
attempt at the introduction of the principle of radiation. 

In their more recent designs, however,' the Blackman Venti- 
lating Company have introduced a combination of heating 
methods of much greater value. In this the sheet iron floor is 
extended for the whole length of the tunnel and a duct of 
uniform cross section is provided in which hot products of com- 
bustion are circulated. These part with their heat to the sheet 
iron which radiates it to the goods in the tunnel. The heat so 
supplied may be produced in a slab-heater of the design shewn 
in Figs. 81, 82 and 83, or may be obtained from the waste gases 
of kilns, intermittent or continuous, or it may be obtained by a 
combination of slab-heater and continuous kiln gases. 

At the same time as heat is being provided by radiation 
through the floor, a certain quantity is also supplied by con- 
vection by means of a tubular steam heater. Pure air from 
outside is heated in this and delivered into the tunnel passing 
amongst the goods to be dried and carrying off the moisture. 

A further modification is introduced in the form of a duct 
over the tunnel separated from it by a ceiling of light corrugated 
iron. This ceiling is interrupted at intervals by openings lead- 
ing from the tunnel into the duct and the object of the arrange- 
ment is to reduce the volume of air passing over the bricks as it 
proceeds from the hot to the cold end of the tunnel. 

In this way the volume of air required is much less than that 
indicated by the calculation given at the commencement of this 
article, because a considerable quantity of the heat required for 
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drying is supplied by radiation through the floor. Not only 
so, but it becomes reduced still further in its course among the 
goods so that the newly introduced wet bricks are not sub- 
jected to strong air currents at a time when they are most 
sensitive, and most liable to cracking. 

The calculation of the total amount of heat required to dry 
bricks given at the commencement of this article still holds 
good, but the method of supply being different it will be 
interesting to examine the conditions which now obtain. 

It will be specially interesting to do this in connection with 
the employment of the waste gases from a continuous kiln, a 
process as yet only in course of development. 

The tunnel before quoted will give an output of 34>56o dry 
bricks per week of six days, or say 100,000 per week for three 
tunnels. 

A continuous Hoffmann kiln ot modern type with advance 
drying or warming, which will give the same output of burned 
bricks, is found to give about 5,400 cubic feet of gases per 
minute at about 200° F. 

If the draught for the kiln is created by an induced draught 
or suction fan of the Sturtevant type instead of a chimney, these 
hot gases may be delivered direct to the tunnels beneath the 
iron floors. 

Each will receive about i ,800 cubic feet per minute which 
will be reduced in temperature by the radiation through the 
plates to about 120°. 

The heat therefore yielded by them is : — 

loSlbs. X -237 X So"* = 2,047 B.T.U. 

This is one-third of the total of 6,000 B.T.U. required per 
minute to dry the bricks. The volume of air required inside 
the tunnel is correspondingly reduced by one-third and now 
stands at 3,333 cubic feet per minute at 170°, which exacts the 
provision of 6,900 B.T.U. 

The coal consumption is consequently reduced to 2cwt. per 
1,000 bricks dried if live steam be used and to ij^cwt. if exhaust 
steam be used by day and live steam at night. 

The power required to drive the induced draught fan may be 
neglected, because it is but little, if any, in excess of that 
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required to supply the additional volume of air if the convection 
method only be used. 

The same induced draught fan may be used to provide the 
draught for the main boilers, the hot gases from them also will 
provide a valuable amount of heat as they escape at a temper- 
ature of 400° to 500° F. The evaporative power of a boiler is 
increased also by this means, and at the same time the 
installation of a fan costs considerably less than a chimney to 
do the same work. 

The construction of this arrangement of tunnels is shewn in 
Figs. 89 and 90, in longitudinal and transverse section. In 
Fig. 90, the section shews a construction with two tracks in 
each tunnel, which avoids the expense of apartition between the 
alternate tracks in a four or six-track dryer. 

The floor F on which the rails are laid is supported on sleeper 
walls E, 4Jins. thick, which divides the passage C3 beneath it 
into flues. These may be used to carry either slab heater or 
kiln gases alone or both. If both are used, the flues can be 
used, some for one and the others for the other set of gases. 

Corrugated iron. 16 or 18 W.G. (not galvanized) is cheaper 
than sheet iron ; it is stronger, gives a greater heating surface, 
and can be m^ore perfectly jointed. It also affords a better 
means of attaching the rails without sleepers. 

The service flue A distributes the gases from the induced 
draught fan, which provides the draught for either the kiln or 
the slab heater. The arrangement of flues for the combined use 
of both is not here indicated. 

The gases pass along the ducts C3, and at B are collected and 
conveyed to the upcast shaft S, which may be 20 to 30 feet high 
for carrying the smoke away overhead. 

Ci is the tunnel through which the cars loaded with bricks 
are passed, and it is ceiled with light corrugated iron or boards 
at G. This ceiling has interruptions at intervals, the position 
of which is found usually by actual trial. A 2-inch opening, 
about every four or five feet, leading into the duct C2, is a usual 
arrangement. R is the air-tight non-conducting roof which may 
be of concrete, sloped to carry off" water. 

The steam heater H may be placed as shewn over the tunnels 
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with fan at V, which delivers the heated pure air into the tunnels 
at I. It may equally well be placed at the side of the tunnels. 
The air passes among the bricks carrying off the moisture 
dried out of them into the duct C2. The volume passing through 
the tunnel Ci is diminished in its course by the escape of 
successive portions through the interrupted ceiling, till at the 
end where the cold wet bricks enter there is practically no 
current at all, and the bricks are only warmed by heat radiated 
from the floor. 




Fig. 90. 

The escape of the moisture-laden air from the duct C2 is 
provided for by the construction of outlets^O at intervals in the 
roof. Three or more may be constructed of suitable size, the 
first one being placed at about the middle of the tunnels and 
the others equally spaced along the cooler half of them. 

A somewhat similar method of employing pure heated air as 
the only source of heat is now practised by the Blackman 
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Ventilating Co. In this case the source of heat is placed at the 
cool end of the tunnels, a steam heater or tubular coke heater 
(Fig. 84) being employed. 

The hot air is passed first under the floor in the reverse direction 
to that shewn by the arrows in Fig. 89. Outlets from the duct 
C3 are made into the tunnels at the end where the dry bricks 
are taken out, and the air then takes the same course as 
previously described. 

Both these systems are a decided advance on the method of 
passing the hot air in the simple typical manner from the hot 
to the cool end of the tunnels ; and though that last mentioned 
is, perhaps, not so rapid in its drying action or so economical in 
heat consumption, the condensation of moisture on the newly 
introduced cold wet bricks is entirely prevented. 

The use of the waste kiln gases under the floors, however, 
realises an actual economy, and was first practised in a large 
installation near Brussels in combination with a Brown's Patent 
Continuous Kiln of large size. 

The Sun Fan Company. 

A modification of the last described system has been intro- 
duced by the Sun Fan Co. It has the advantage of placing 
the source of heat, whether steam or gases of combustion from 
a furnace, within the under-floor duct. A sheet-iron tube of 
large cross-sectional area is constructed in the manner shewn 
in diagram in Figs. 91 and 92. The source of heat is at the hot 
end of th^ tunnels, and the air for carrying off* the evaporated 
moisture enters beneath the floor at the cool end at I. In its 
passage it gathers heat from the iron tube T, which at the same 
time radiates heat upwards to the floor plates F. These, in 
their turn, radiate beat to the bricks on the cars. 

No ceiling duct is introduced, and consequently there is 
no means of reducing the air volume as it passes from the hot 
to the cool end through the bricks. 

Openings are provided in the floor plates at intervals as 
shewn, so that the heated air rises through them underneath the 
cars and ensures complete drying of the lower tiers of bricks 
simultaneously with the upper ones. It will be noticed in 
Fig. 91 that the fan is placed so as to create draught by 
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Fig. 92. 



suction in contradistinction to the usual method of blowing air 
into the tunnels. The arguments in favour of either method are 
fairly balanced, and it is more a question of applicability to the 
system proposed than of superiority of one over the other. 

The use of the iron tube in the under-floor duct allows of the 
employment of the waste gases of kilns. If this is done a 
separate steam heater may be used to supplement the heat 
furnished by warming the air previous to passing it into the 
space beneath the plates. 

The Wolff Dryer Company. 

The dryers installed by the Wolff Dryer Company in this 
country make use of the radiation principle of heat supply to a 
still greater extent than any of those previously described. 
The construction of this system is shown in Fig. 93. 

According to the output required, as many as 4, 5, or 6 tracks 
of rails are placed in one chamber without dividing partitions. 

The outside walls of this chamber or tunnel are of brick,'but 
with this exception the construction is of wood. 

The heating apparatus in this system also is placed below the 
rail-level, and is in the form of steam radiators, H. The 
current of air is produced by means of a tall wooden stack S 
of large sectional area, rectangular in form, and upwards of 
80 feet in height. Two means of controlling the air current are 
provided, the first at the inlet I, which admits air below the 
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Fig. 93. 
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radiators, and the other at D2, where sliding doors are placed 
between the tunnel C i and the stack. 

D, and D3 are entrance and exit doors ; R, the roof which is 
usually a lean-to, and T the transfer tracks for delivery to or 
•collection from each of the tunnel-tracks of the loaded 
cars. 

The floor F, on which the tracks are laid over the radiators, 
is of wood, latticed, to allow the passage of the heat and air. 

A close-boarded ceiling G is constructed, provided at the cool 
■end with one or two openings into the ceiling-duct, C2, for 
letting some portion of air and moisture away to the shaft. 
These openings, as well as the main outlet to the shaft, are 
controllable. 

The special feature of the dryer is the form of steam heater 
employed. This is the outcome of a long experience, and as 
now installed, is very perfect and efficient. Fig. 94 shows a 




Fig. 94. 

portion of one heater indicating the 5-inch service-pipe, i-inch 
zig-zag radiator pipe, and the 5-inch collecting pipe. The 
service and collecting pipes are laid transversely, and the 
radiating pipes longitudinally in groups under the tracks of 
rails. They extend, four in number, about three quarters of 
the length of the tunnel, the remaining quarter at the cool end 
not being heated, except by the warm, damp air travelling 
towards the ventilating shaft. 

The first radiators at the hot end receive the direct supply 
of exhaust or live steam into the service pipe. It passes through 
the radiators to the collecting pipe, some of it becoming con- 
densed and the remainder passing on to the service pipe of the 
•second set of radiators. There the same process is repeated, 
the amount of the steam supply being so adjusted that the 
whole is condensed completely, and none escapes from the 

uiyiuzeu uy v^OOglC 



146 BRICK-DRYING. 



fourth set of heaters. Each collecting pipe is properly drained of 
its condensed water and the hot water is pumped back to the 
boilers, after filtration, by a very perfect direct acting steam 
pump. 

It will be seen thus that the radiators at the hot end yield a 
larger quantity of heat than those further along, and graduated 
temperatures, usually from 115° to 95°F., are obtained within the 
tunnel. The volume of air employed to carry off the moisture 
is much less than in the previously described systems, rarely 
exceeding 2,500 cubic feet per track per minute. The heat is 
supplied largely by radiation direct from the pipes to the bricks, 
for it is evident from the calculations previously given that 
heated air in such volume could not provide a sufficient quantity 
of heat. The drying process, however, is much slower, being 
seldom completed in less than 50 hours, and with tender clays 
occupying sometimes as long as five days. 

In the latest installations these latter are subjected, before 
entering the main dryer, to a warming process in what is termed 
a "tempering" chamber. This is a separate chamber of about 
40 feefin length constructed to receive the goods on the cars 
before they are passed into the dryer proper. 

A single layer of lin. piping is placed between the rails of each 
track and serves to provide enough heat to warm and dry the 
bricks slightly. 

This process may serve to stiffen the bricks for pressing, but 
is chiefly valuable for the partial prevention of condensation 
on them when they enter the dryer. In the usual way of 
proceeding, the condensation on the newly introduced cold 
bricks is considerable, and even with the use of a tempering 
room bricks have been found to weigh two ounces more after 
six hours in the dryer proper than when they left the machine. 
While the dryer is undoubtedly economical in heat consumption 
it is capable of much improvement technically. 

The chimney stack at the base extends across the full width 
of the dryer and is contracted somewhat above the roof. As a 
means of providing the necessary air current, it is sufficiently 
powerful and obviates the use of mechanically driven fans, but 
its action is influenced considerably by the weather and there 
are no means of adjusting the air supply to a constant volume. 
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B.T.U. 

45 
390 
180 

4,194 
726 

3,465 



A comparison of the heat expenditure in this system with 
hese calculations given on p. 127, stands as follows : — 

A dryer giving 4 dried bricks per minute requires, in its 
usual form, a volume of 3,350 cubic feet of air per minute at 
115° which leaves the dryer moist, at 95°, the weight of this is 
232 lbs. and the total heat used is : — 

Heating cars from 50"* to 115° 

Heating clay „ „ 

Heating water „ to 95° 

Evaporating water at 95° ... 

Loss by leakage and radiation, say 

Heat carried off by 232lbs. air (95° — 32^).. 

9,000 
This calculation shews an economy of about 14 per cent, on 
those previously given, an economy due entirely to the use of 
the principle of radiation as contrasted with the use of con- 
vection only. 

The fuel consumption, if live steam only is employed, in this 
system works out to 2^ cwt. per thousand bricks dried, and if 
exhaust steam is used by day and live steam at night, with 
constant and progressive working, to i J cwt. per thousand. 

This system does not make use of waste heat from kilns and 
does not therefore shew the same economy as that described on 
p. 139 and illustrated Figs. 89 and 90. 

The Bucyrus Dryer. 

The dryer sold by the American Clay working Machinery Co., 
under the name of the Bucyrus dryer, has largely superseded 
the Wolff dryer in the United States. 

The most recent form of ventilation adopted in this is shewn 
in Fig. 95. The heating is by steam on almost exactly the 
same lines as in the Wolff dryer, except that the steam pipes 
extend throughout the whole length of the tunnel, and each 
section of them is under control by means of valves. 

As described in the description (p. loi) of the earlier form 
of this dryer the air is admitted between the ceiling and the 
roof A and becomes slightly warmed by heat which passes 
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Fig. 95. 
through the ceiling G. It then descends a number of rectangular 
channels D, loins. by 2ins. cross-section and enters the tunnels 
at the floor level between the rails at F. These inlets occur 
about every 7 or 8 feet in the length of the tunnel, which is 
usually constructed about 80 feet in length. The outlets of the 
air are in the centre line of the ceiling of each tunnel, are 
spaced about 1 5 feet apart and are about 8 inches square in 
internal cross-section, and 16 feet high S. Each is controlled 
independently by a damper so that the amount of ventilation 
in each section of 15 feet length of tunnel can be adjusted by 
trial. 

The cars carrying the bricks are passed through the tunnels C 
in the usual way, but it is evident that the ventilation is of a 
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kind that does not adroit of the dryer being classified, strictly 
speaking, under the present head. The action and efficiency 
differ but very slightly from that of the intermittent form, and 
a scientific expression of its practical performance is too com- 
plicated to be introduced here. 

No dryer is yet erected on this system in England, but the 
drawbacks to the Wolff dryer are obviated in it, and slow 
drying can be resorted to without the large amount of con- 
densation which occurs in that form. It is therefore a system 
which may be specially recommended for drying delicate goods, 
although in common with all dryers using cars, the installation 
cost is high if more than three days are necessary for the 
drying operation. 

Back Pressure. 

An important consideration in the use of batteries of i-inch 
steam piping for dryers is that of the back pressure produced 
on the engine. In some instances this has been found to be 
considerable and has led to the abandonment of the use of 
exhaust steam and the installation of a separate boiler for 
drying purposes. 

In many works these dryers do not condense the whole of 
the exhaust steam yielded by the engine, and when this is the 
case the back pressure is undoubtedly high, necessitating a 
higher boiler pressure to do the requisite work than would 
otherwise be the case. It has to be considered further that 
in a week of seven days, during the whole of which steam 
must usually be provided for drying, the number of engine 
hours is only 56 out of 168. Only one-third, therefore, of the 
drying is done by waste steam, the efficiency of which is 
reduced if back pressure on the engine occurs. 

Rappold and Steiger. 

The latest development of the inverse tunnel system on the 
Continent is the invention of Rappold and Steiger, of Zurich. 

The design of this system resembles more or less that 
shewn in Figs. 89 and 90, with certain variations. A special 
feature is the use of a large portion of the air over and over 
again, and the condensation of a portion of the moisture 
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evaporated from the bricks. This is effected by the following 
disposition of the apparatus, shewn in Figs. 96, 97 and 98. 

Fig. 96 is a longitudinal section, Fig. 97 a plan, and Fig. 98 
a transverse section. 

At A is the furnace which is placed below the tunnels and is 
surrounded by flues N in which the air returned along flue D is 
reheated. Part of the air enters the ashpit as indicated by the 
arrows and supplies the necessary air for combustion. 

The products of combustion from the furnace A pass along 
the tubes I, which are laid along the floor of the tunnels B, and 
the draught is produced by the fan E^ which discharges them 
to the open air. In consequence of some of it being used for 
the furnace combustion the reheated air is reduced in volume 
when it enters the tunnels at R and an additional quantity 
enters by the opening P to restore it to its original quantity. 
This cold air, entering at P, passes over the hot dry bricks in 
the portion K of the tunnels (called the cooling chamber), cooling 
them and becoming itself warmed to about 100° F. 

In the ceiling are openings, controlled by valves H, which 
allow of the escape of determined portions of the air into the 
flue C at different positions in its length. At M the whole of 
the air, carrying the moisture dried out of the bricks, is drawn 
downwards by the fans E and delivered into the flue D by 
which it returns to the heating flues N, and so again into the 
tunnels at the hot end. In the portion of this flue between the 
fan E and the drain S, some of the moisture is condensed. 

L is the end into which the wet bricks are introduced through 
the doors O by means of an automatic pushing apparatus G 
driven by the same countershaft F as the fans. 

The length of the tunnels is 140 to 160 feet and the speed of 
drying is regulated by the volume of air and the heat supplied 
by the furnace. 

The regulation of the drying at different stages is obtained by 
means of the valves H which can be adjusted by experience to 
suit the class of clay to be dried. The effect of this adjustment 
of the valves is to control the amount of air passing over the 
bricks at their different positions in the tunnels. It may for 
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Fig. 98. 

delicate clays be reduced to any desired minimum where the 
bricks enter, in practically the same way as already described 
in connection with the most improved form of the Blackman 
tunnels. 

The waste of heat is reduced to a minimuni and is confined 
to the three factors of (i) radiation from the walls and roof, (2) 
heat still retamed by the goods and cars on leaving the tunnels 
at P, and (3) the heat carried off by the products of combustion 
delivered by the fan E^ into the open air. The furnace A may 
be replaced by a steam heated coil and waste gases from kilns 
may be passed through the tubes I. The losses of heat are all 
much less in amount than in any of the previously described 
systems, and this one may therefore be considered as more 
efficient and more scientifically worked out. 

The foregoing are all the systems of inverse tunnel dryer at 
present in use. In America and France some of them are 
known under different names, and in various works on brick- 
making are described under names which it is not necessary to 
mention here. 

In the region of un-practical experiment, there are some de- 
vices worthy of notice as examples of attempts to obviate the 
drawbacks of the inverse system. 
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Fig. icx). 

Phillips. 

In 1 89 1, Phillips, of Woodbridge, in New Jersey, U.S.A.,. 
patented a dryer in which the air for drying was made to take 
a spiral course. 

It is of interest to describe this invention minutely, because 
of many points of resemblance to the MoUer and Pfeifer dryer, 
of which a description will shortly follow. 

Fig. 99 is a plan, and Fig. 100 a cross-section of the arrange* 
ment on the line x x. 

Seven tracks of rails are shown, and intermediate to them 
two rows of fans D, and six rows of heating pipes E. 

The air is introduced cold at the side a, at the end where the 
dry bricks are taken out. It traverses the tracks and rises into 
the space over the tunnel ceiling as indicated by the arrows in 
Fig. 100. It is then drawn down again into the tunnels on the 
opposite side, and again traverses the tracks, passing over 
bricks and heaters successively. After several spiral revolutions 
it leaves the tunnels at a^. 

The process consists in the introduction of cold air at the 
dry end, which cools the dr)' bricks, and recovers the heat 
contained in them. The temperature is increased by the 
heaters until these are all passed, when the heat contained in 
the air is utilized in warming and partly drying the newly- 
introduced bricks. 

The bricks travel in a direction opposite to the general 
direction of the air movement. 

It is evident that radiation plays a considerable part in the 
operation of this dryer, and the whole invention is of very 
efficient design. 
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The drawback to its adoption is the large number of 
fans employed. These are costly to install, with all the necessary 
transmission shafting and belting, and absorb a considerable 
amount of power. 

Beyond the description in the Patent Office records, no infor- 
mation is to hand as to actual performance in practice of this 
dryer. 

Bruckmann. 

In 1893, Bruckmann, of Lagerdorf, in Germany, patented an 
arrangement in which a "tempering chamber" was used to 
prevent condensation of moisture on bricks newly made. To 
this end the tunnel was divided into two lengths by a partition 
introduced through the roof, which could be raised to allow the 
passage of the cars. The hot air passed into the hot end was 
withdrawn at this damper, and a fresh supply of slightly warm 
air was passed into the cool part of the tunnel to perform the 
earlier stages of the drying. The second supply of air con- 
tained very little moisture, and condensation was thus prevented. 

The drawback to this device is that the hot air for drying is 
passed out of the tunnel at a temperature involving much loss 

of heat. 

Howl. 

In 1897, Howl, of Tipton, devised a means of applying heat 

to the cars themselves, so that the bricks were dried by contact 

or conduction. The cars are designed with hollow uprights 

. and frames, and hollow iron pallets communicating with the 

uprights. Each car has also a water-tight connection with the 

ones behind and in front of it, so that a continuous stream of 

hot water or steam through a series of cars coupled together 

provides the heat necessary for drying. 



CHAPTER VII. 

III. b. Dryers ventilated in the same direction as that in 

which the goods move. 
The direct system of ventilation in progressive tunnel dryers, 
though tried as long ago as 1884, has only become a practical 
uccess within the last three or four years. The principle of its 
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action consists in the general movement of the air, which 
carries off the moisture, in the same direction as that of the 
g^oods themselves. In other words the air for drying enters the 
tunnels cold at the cold end, becomes heated in its progress 
through them, at the same time taking up more and more 
moisture from the bricks, and leaves them hot at the hot end, 
where the goods issue hot and dry. 

The essential advantage of this method consists in the 
physical fact already explained (pp. 3 and 41) that the same 
weight of air can carry more and more moisture as its temperature 
is raised. The figures there given demonstrate that at 42" F, 
one pound of air can carry '089 oz. of moisture, at 82° '38 oz., 
at 132** 1*88 oz., and at 182" 11*4 oz. 

It follows from this that if the air in such a system leaves 
the tunnel at say 162°, the weight necessary to carry one pound 
of water, if it is saturated, is only 3*1 lbs. or 484 cubic feet, as 
compared with 50^ lbs. or 689 cubic feet in a dryer on the 
inverse system working between 170° and 82°. 

As a matter of fact the carrying power of the air increases so 
rapidly with the rise in temperature that in practice it is not 
usual to attempt to make it issue saturated at the hot end. If 
this were done the drying would be extremely slow at first and 
very rapid at the end of the operation. If the rise in tempera- 
ture were regular in such a case, the air entering at 42** saturated 
and rising regularly to 160° in a tunnel, the drying would be 
represented by the curve given in Fig. loi. In this the base 
line represents the number of hours of the drying process and 
the vertical lines indicate the amount of water evaporated out of 
a brick in pounds. Such a diagram is a practical impossibility, 
and that given in Fig. 102 is more nearly what is actually aimed 
at in practice in this, as well as in the inverse, form of tunnel 
dryer. The corresponding form of curve for slow drying in a 
uniformly heated and ventilated chamber is given by the diagram 
Fig. 103, which represents proportionally the effect in the case 
quoted on page 14. In the first two, supposing the brick to be 
dried in 24 hours, the distance from one vertical line to the next 
represents a space of time of four hours, in the third it repre- 
sents 24 hours because the time of complete drying was six days. 
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Fig. 102. 



Fig. 103. 

The dotted line on Fig. 102 is the drying effected in the third 
case in the first 24 hours and is therefore on the same scale. 
Now in the case of Fig. 102 if the drying is on the direct system 
the weight of air per lb. of water evaporated, if kept constant, is 
8i lbs., so that to dry 4 bricks per minute it would be 34 lbs. or 
533 cubic feet per minute at 162** F. This is strikingly less than 
that required in the inverse system as shewn on page 127 
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being only about one ninth part in amount. This quantity of 
ventilation too is not affected by the considerations of heat 
supply, because the heat must be supplied in some manner 
independent of the ventilation. 
The heat calculation now becomes the following ; — 

B.T.U. 

Heating cars from "50° to 1 62° tj 

Heating clay 672 

Heating water 448 

Evaporating water at 162° 4,032 

Loss by leakage and radiation, say 709 

Heat carried off by 34 lbs. air (162** to 32") ... 1,062 

7,000 
This shows a large reduction on the amount (10,350 B.T.U.) 
required for a similar performance in the inverse tunnel. 

A further actual economy of heat, however, is possible with 
this system, for the air passing at 162" from the hot end of the 
tunnel may be made to yield up a large portion of its heat again 
in warming the cool end. Not only so, but some of the moisture 
evaporated from the bricks may be condensed, yielding up its 
latent heat in large amount. This is actually done in the 
M oiler & Pfeifer tunnel, to be described further on, and in the 
above calculated case about 2J lbs. out of the 4lbs. evaporated 
can be re-condensed, the air at the same time being reduced to 
about 100° F. 

The heat recovered in this process is the following : — 

B.T.U. 

Cooling of 34 lbs. air 162° to 100* 500 

Cooling of 4 lbs. yapour no 

Condensation of 2i lbs. at 100° 2,610 



3,220 
This amount deducted from the 7,000 B.T.U. necessary by the 
previous calculation leaves 3,780 B.T.U. to be supplied. 

The whole question of efficiency rests now on the manner in 
which this amount of heat is supplied to the tunnels. Exhaust 
steam alone will not supply heat at a sufficiently high tempera- 
ture, and it is usual at the hot end to provide radiators heated 
by the gases of combustion of a furnace. Between the part of 
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the tunnels heated in this way and the part heated by the 
returned hot air and latent heat of condensation, it is usual to 
place radiators heated by exhaust steam by day and live steam 
by night. These two sources must supply the 3,780 B.T.U. per 
minute above calculated. Of this the steam is proportioned to 
supply about 1,780 B.T.U. and the fuel heater about 2,000 B.T.U. 

The actual fuel consumption per 1,000 bricks thus works out 
to about I cwt. per 1,000 bricks dried if exhaust by day and 
live steam by night are used under the above conditions. 

When it is considered further that the most delicate goods 
may be dried on this system with certainty of success it is 
evident that it is very efficient in comparison with the inverse 
system. 

The reasons why delicate goods may be dried in this way 
are obvious. The air which carries off the moisture is very 
small in volume and is so heavily charged with moisture as to 
be nearly saturated during the greater portion of the period of 
drying. In consequence of this the bricks are never subjected 
to surface drying or to strong air currents. 

It is not generally recognised among drying engineers that a 
really delicate brick, most difficult to dry, has two critical 
periods, and not one only as in the majority of clays. 

The first is when it is first made and the second when it is 
what is technically called black hard, that is, when shrinkage is 
complete. A tender sandy clay at this stage will crack if 
subjected to a draught of dry air or too much radiated heat. 
It is this phenomenon which is most difficult to avoid in rapid 
tunnel dryers and which cannot be avoided on the inverse 
system if the time of drying is sufficiently short to be economical. 

By means of the direct system, however, this can be done 
with success. 

Bock. 

The earliest form of progressive tunnel dryer, working on the 
direct system of ventilation, was invented in 1884 by Otto Bock, 
of Berlin. 

The tunnels (Fig. 104) were of the usual typical form, but 
along the whole length of them beneath the rails were placed 
steam pipes. At the cool end A at which the cars entered, the 



Digit 



zed by Google 






Digit 



zed by Google 



i6o BRICK-DRYING. 



radiators consisted of one horizontal row of pipes only. These 
were, at a certain distance, supplemented by a second row be- 
neath the first and similarly at intervals, until at the hot end 
some five or six rows were installed. The amount of heat 
supplied by the radiators was therefore progressively increased 
from the cool to the hot end of the tunnels. At A the air en- 
tered over the pipes and was drawn over the bricks from the cool 
to the hot end, absorbing more and more moisture, and be- 
coming more and more heated in its passage, till it left the 
tunnels by the way of the chimney or fan connected with the 
outlet flue B. 

The bricks entered the tunnels at the cool end and were 
withdrawn from them in the usual way at the hot end, hot and 
dry. 

This simple form of dryer did not prove satisfactory, though 
it possesses apparently all the elements of successful working. 
The reason adduced for its abandonment appears to be, that 
moist warm air accumulated along the upper part of the tunnels,, 
so that the upper bricks were still moist when those lower on the 
cars were completely dried. A more energetic ventilation was 
considered necessary to obviate this difficulty and could not be 
satisfactorily applied in this system of working. 

Probably the chief defects of the original form of the invention 
lay in the difficulty of keeping a large number of steam pipes 
from leaking, and in the want of sufficient experiment to dis- 
cover the true causes of inefficiency and unsatisfactory working. 

The former difficulty is obviated by the more recently 
perfected form of piping in batteries of i inch diameter pipe^ 
such as are used in the Wolff and the Bucyrus dryers. The 
invention of the writer, described later, is the outcome of much 
experiment, and demonstrates the fact that the original idea 
was in reality sound in principle. 

The Wolff dryer also has been successfully modified to this 
system, by a simple reversal of the draught, in at least one case 
where the bricks were of such a delicate nature that they would 
not admit of the large amount of condensation on them at the 
cool end which occurred when the dryer was worked inversely. 
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MOLLER AND PfEIFER. 

To overcome the difficulties encountered by Bock, MoUer 
and Pfeifer, of Berlin, in 1896, devised the dryer known by 
their name and now in extensive use on the Continent. 

In this the small volume of air for drying is still adhered to, 
but it is given a rapid circulatory movement within the tunnels 
themselves by means of a series of fans placed along one side 
of them. 

A spiral or corkscrew movement is thus given to the air, 
almost precisely the same as in the Phillips dryer, described on 
p. 153. The air is repeatedly passed over the goods 
and over the heaters, which are placed between and beside the 
tracks. The form of construction bears a striking resemblance 
to that of Phillips, but was doubtless arrived at independently 
and without knowledge of that invention. 

The details of the Moller and Pfeifer dryer are shewn in Figs. 
105, 106 and 107. Fig. 105 is a cross-section of a two-track 
dryer on the line Z Z of Fig. 107. Fig. 106 is a longitudinal 
section on the line X X of Fig. 105, and Fig. 107 is a sectional 
plan above the rails, on the line Y Y of Fig. 105. 




Fig. 105. 

The heaters are shown diagrammatically for simplicity. They 
are usually all in the form of gilled tubes, for giving the largest 
possible heating surface. F 
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Three forms of heater are employed, the first H^, on the 
outer side only, being supplied with the products of com- 
bustion, at a high temperature, of the furnace F. After giving 
up a large proportion of their heat these products of combustion 
escape by the flues F^ and F^ to the chimney S. 

The second sets of heaters H^ are installed by the side of each 
track and are supplied with live or exhaust steam. .The third 
sets H^, occupying a considerable length of the tunnels, are also 
installed beside each track and receive the hot moisture-carry- 
ing air, which has done duty in evaporating the water from 
the goods dried. This air is drawn from the hot end of the 
tunnels through the flues G^ and G^, passes through the tubes 
of the heaters H^ and thence through the flue G^ to a small fan, 
not shewn in the drawing. The direction taken by the air 
after leaving the tunnels is indicated by the dotted arrows in 
the figures. This small fan gives the longitudinal motion to 
the air as it passes among the bricks, while at the same time a 
rotatory or spiral movement, more or less rapid, is given to it 
by the fans V^ to V^ placed along the side of the dryer. Each 
of these fans draws the air, as indicated by the arrows, 
transversely over the goods and delivers it, by way of the 
chambers B^ to B"^, through the underground flues D to the 
chambers C^ to C^ on the opposite side of the dryer. 

In this way the air is repeatedly passed over the heaters, 
absorbing heat, and over the bricks, giving up to them the heat 
necessary to warm them and evaporate the water dried out of 
them. The air enters by openings in the doors of the tunnels 
at the cool end. 

The fans are actuated from a counter-shaft at the cool end, 
by means of belts indicated by dotted lines and two pulleys P 
on each fan shaft. The number of fans is determined accord- 
ing to the length of the tunnels and the nature of the clay to be 
dried. 

Adjustment of the speed of rotation of each fan is obtained 
easily, according to requirements, by varying the sizes of these 
pulleys. This adjustment is made once for all to suit the 
peculiarities of the kind of clay to be dried, and is the means of 
securing certainty of action without damage to goods. 
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To make the action of the drying air quite clear, the whole 
course of its movement may be re- stated as follows : — 

Cold air enters by the doors at the cool end and by means of 
all the fans is passed spirally along the tunnels to the hot end. 
It leaves them by the flue G^, and by way of G^ enters the 
heaters H^. Here it is cooled to a comparatively low tem- 
perature and a large proportion of the moisture dried out of the 
bricks is condensed and yields up its latent heat. The air then 
is discharged finally by the single fan connected with the flue 
G^ 

The cars carrying the bricks to be dried are introduced at 
the cool end by a mechanically driven pushing apparatus, which 
at the same time discharges, at the hot end, the cars carrying 
the hot dry bricks. 

The tunnels are constructed from 100 to 200 feet in length 
according to requirements, and if it is required to deprive the 
goods of their hygroscopic water as well as the water of manu- 
facture, a temperature as high as 250° F. is reached at the hot 
end. .This is not advisable in ordinary cases, because a brick 
so dried will, in a very few hours, re-absorb hygroscopic water 
from the atmosphere. This would occur "before most of the 
bricks could be set in kiln and put under fire for burning. 

Moller & Pfeifer claim to be able to dry any clay, no matter 
how delicate, in 24 hours, and many clays in considerably less, 
and the consensus of opinion is to the effect that they perform 
what they promise. 

It will be observed that the supply of heat for drying is 
effected by a combination of the principles of radiation and 
convection, and that the extent to which either or both these 
principles is employed is under complete control. 

There is no doubt that the dryer is the most scientifically 
designed and the most efficient on the market at the present 
time, but a glance at the drawings is sufficient to convince one 
that in comparison with some of the dryers previously described 
it is very costly to instal. 

The power absorbed by the numerous fans, also, is consider- 
able, counterbalancing to some extent the fuel efficiency of the 
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dryer. It is, therefore, doubtful whether it will find a ready 
acceptance in England, and when it is installed then only for 
drying tender clays, which cannot be dried in the tunnels 
worked on the inverse system. 

One dryer is constructed on this principle in England, on the 
works of the Famley Iron Co. 

BOURRY. 

The well-known brickworks engineer, C. E. Bourry, of Paris, 
lias patented, in 1899, a simplication of this dryer, designed to 
do away with the employment of such a number of fans along 
the side of the tunnels. Fig. 108 shews the design in longi- 
tudinal section. The floor and roof of the tunnels are con- 
structed in zigzags as shown, so that the tunnels are zigzag in 
form but of uniform section. Each car b is furnished with a 
baffle a which compels the air for drying to take a serpentine 
course as indicated by the arrows. 

At the cool end, air is introduced in small volume by way of 
the flues /, and in its subsequent course passes successively 
over radiators e of gilled tubes, which provide the heat for 
<irying in increasing quantity as it passes towards the hot end. 

The hot moist air when it leaves the tunnels may be used as 
the source of heat for the first of these sets of heaters, and 
£team or hot gases from a furnace may be supplied to others. 
The zigzags may be formed in the side walls instead of the 
roof and floor if desired. 

No information is forthcoming as to the success of this 
invention in practice, but it is evidently simpler and less costly 
than the M oiler & Pfeifer dryer. 

Brown's Dryer. 

The author has experimented at considerable length with a 
view to designing a simplification of the directly ventilated 
tunnel dryer, and has met with good practical success in the 
disposition of heating and ventilating arrangements shewn in 
Figs. 109 to 112. 

This dryer was patented at the latter end of 1900, by Brown's 
Patent Kiln, Ltd., and possesses several features in which it 
differs from those previously described. The first of these is 
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the means of heating the air for drying before its enters the 
tunnels. The second, the use, apart from the preliminary 
warming of the air, of radiation only for the heat supply, such 
radiation taking place from below and above the c^rs. The 
third, the construction of a distinct cooling chamber at the hot 
end of the tunnels, where the hot dried bricks give up their 
heat to the air used for combustion in heating furnaces. The 
fourth the use of the waste gases of continuous kilns as a 
source of part of the heat, in which case the hot air used for 
drying after leaving the tunnels is conveyed direct to the heat- 
ing furnaces for the purpose of combustion. Coke or any 
inferior fuel is used as the chief source of heat supplemented by 
steam or waste kiln gases or both. 

The figures show a dryer using the two former sources of 
heat supply, Fig. 109 being a longitudinal section. Fig. no 
a plan, and Figs, in and 112 cross sections on the lines // 
and w respectively of Fig. 1 10. Below the tracks of rails «, on 
which run the cars E, are placed the furnace and steam heaters. 
The gases of combustion from the furnace H pass through a 
regenerator J and then through a series of tubular radiators Cy 
which are separated by chambers G covered with sheet iron d^ 
to facilitate sweeping and to obviate the effects of expansion. 
At the cool end these gases finally reach a tubular air heater K 
in which the air for drying receives its preliminary warming^ 
and the gases themselves yield up all their available heat. 
They become reduced to a low temperature and are then 
delivered to the upcast shaft N by the fan L. The supple- 
mentary heating by steam (live or exhaust) is provided for by 
tubes e^ one inch in diameter. 

The circuit of the air for drying is as follows ; — It enters at 
/over the tubes of the preliminary heater, and passes in the 
zigzag direction indicated by the arrows, entenng the tunnel* 
moderately warmed at ^. It then traverses the entire length 
of the tunnels in the same direction as the cars, becoming 
warmed by and taking up more and more moisture from the 
bricks. It flows in a gentle stream, and by reason of the over- 
head radiation does not require diverting by baffles or keepings 
in spiral movement by side fans. There is consequently ani 
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Fig. III. 
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entire absence of surface drying and its attendant warping, and 
cracking of the goods. Below the roof D a ceiling Aue F is- 
formed either by tubes or, as here shown, by a sheet-iron ceiling b. 
Into this flue the hot air now enters at k^ travelling in the 
reverse direction, to the collecting flue M, by which it reaches 
the fan L. . The heat from the hot air radiates downwards 
through the ceiling. 

The air necessary for combustion of the fuel of the furnace 
enters the cooling chamber at / and passes over the hot cooling 
bricks from the openings m^ picking up the heat given up by the 
dried bricks in cooling. The necessary suction of the air and 
furnace circuits is created by one fan L placed at the cool end. 
Some amount of condensation of the moisture dried out of the 
bricks occurs in the ceiling flue F. If kiln gases are used, the 
hot air on reaching the hot end of the tunnels is supplied to the 
furnaces for the combustion of the fuel. The kiln gases are 
blown along the ceiling flue F, which is then separated from the 
tunnel, providing heat to be radiated from above. The fan L 
then also induces at the same time the circuits of the furnace 
gases and the drying air. Steam heating may be substituted 
entirely for furnace heating, though not with greater economy. 

The heat distribution and efficiency are as follows : — Taking 
as before the heat required to dry four bricks per minute, each 
containing i lb. of water to be evaporated, and assuming the 
bricks to be dried in two*days. 

B.T.U. 
Heating cars from 50° to 162° fj 



Heating clay „ „ 

Heating water „ „ 

Evaporating water at 162° 
Loss by radiation, etc., say 



672 

448 

4,032 

771 



6,000 
The combined weight of air for drying and furnace gases is 
about 60 lbs., and as these are rejected by the fan at about 
loo"* F. the loss of heat by them is 967 B.T.U., which added to 
the above makes a total of 6,967 B.T.U. required. Of this 
amount the cooling of the cars and bricks in the cooling 
chamber provides about 667 B.T.U. When kiln gases 
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are used they supply 1,800 B.T.U. The exhaust steam 
provides 1,200 B.T.U., leaving 3,300 to be provided by the 
•combustion of fuel. This is equivalent to about 82 lbs. of coke 
per 1,000 bricks dried, and the corresponding consumption if 
the kiln gases are not used is i^ cwt. per 1,000. 

The power for creating the draught of the kiln is equivalent 
to a consumption of about 20 lbs. of coal per 1,000 bricks, so 
that a distinct economy is realised in this method apart from 
the other advantages in the burning of the kiln, due to the use 
-of mechanical draught. 

The power required to create the draught for the tunnel 
furnaces and air circulation is very small, not exceeding 
2 B.H.P. for a four- track tunnel yielding 15,000 dry bricks 
daily. 



CHAPTER VIII. 



Cars. 

In connection with tunnel dryers the most costly part of the 
installations is the cars used for the carriage of the bricks in 
their passage in progressive manner through the tunnels. 

The forms in use are various in design and may be usefully 
described and illustrated at this point. 

Single-Deck. 

The simplest type is the single-deck car. Fig. 113. It con- 
sists of a simple frame on two pairs of wheels. The standard 
sizes of the frame are 6ft. Sin. long by 2ft. Sin. wide for tunnels 
3ft. 6in. wide, and 3ft. sin. wide for tunnels 4ft. wide. 

Two methods of loading these cars may be adopted. The 
simplest, suitable only for bricks made very stiff at the machine, 
consists in piling the bricks in the manner illustrated in Figs. 
115 and 116 on a single wooden deck placed on the car frame. 
They should be piled S bricks high and 7 bricks long, crossed 
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in the narrow cars by 6 bricks wide and in the wide cars by 
8 bricks. 

The capacity of the narrow cars so stacked is 336 bricks and 
of the wide ones 448. 

The second method of charging with softer bricks, which will 
not bear so much weight, is by means of a bottom row of flat 
pallets transverse 'to the car, with cradle pallets illustrated in 
Fig. 36, set on them in the same direction. 



Fig. 113. 



Fig. 114. 
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On each pallet the bricks are free from weight, and the 
method may be used for hand-moulded bricks. 

The pallets may be stacked from 10 to 12 high for bricks 
laid flat, each cradle pallet measuring 5} inches over all in 
height. For bricks set on edge they may be stacked 7 to 9 
high, each cradle pallet being 6 inches high. The cars will 
carry 6 pallets in length, and the capacity of the narrow cars is 
from 294 to .378 bricks, that of the wide ones being from 
378 to 486. 

The average price of these cars at the present time is £4 5s. 
each for the narrow, and £4 los. each for the wide form. 

Comparatively few of this type are in use, preference being 
given to the double-deck cars. Fig. 114, or the rack car, 
Fig. 118. 

Double-Deck Cars. 

The double-deck car is identical in construction and 
dimensions with the single-deck car, but has the addition of 
3 standards placed in such a manner as to carry a second wood 
deck above 4 tiers of bricks stacked on the frame deck. 



Da 
6 

Hi 



Fig. 115. 
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Dt 



Fig. ii6. 

On the second deck the bricks may be stacked 4 or 5 high 
in the manner shewn in side and end elevation in Figs. 115 
and 1 16. In these figures F is the frame, D^ and D* the decks^ 
and S the standards. 

The decks for these and the single-deck cars are constructed 
of wood slats 3ins. wide and i^ins. thick, with three strong^ 
bracing fillets, 4 by i^ins., which are placed lengthwise of the 
cars. It is important to place the bricks of the first tier on each 
deck lengthwise on the slats, and not bridging across two of 
them. If placed in this latter manner they will not be able to> 
slip during shrinkage and will crack across the middle. 

The narrow type of car so loaded will carry from 336 to 375 
bricks, and the wide type from 448 to 504. The price at the 
present time of these cars is about £s 7s» 6d. each for the 
narrow and ;^5 15s. for the wide type. 

Finger Cars. 
The finger car shewn in Fig. 117, is intended to take bricks 
on pallets direct from the wire-cutting table. The cars, stand- 
ing against the machine on a turntable with one end presented 
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towards the cutting-table, may be loaded direct by a couple of 
lads, being turned round when one end is filled. 



Fig. 117. 

This procedure is very simple and could not be improved on 
if an efficient mechanical device were introduced to separate 
the bricks from one another by a distance of one inch before 
the pallets are put on the cars. Such a device has apparently 
baffled the machine makers up to the present time, and the 
finger car is not therefore so pronounced a success as it would 
be but for this difficulty. 

The car shewn is 4ft. g\n, long over all and 2ft. 5in. wide. 
The angle iron fingers are six high and will carry 24 pallets 
with 240 bricks. 

A larger car is also made to carry 6 pallets in length and 7 
high, or 420 bricks. 

The cost of them respectively is about £s 5s. and £7 5s, 
each. 
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Rack Cars. 

Rack cars are made in several forms, shewn in Figs. ii8, 119, 
and 120. 

The typical form, Fig. 118, is in its standard size 6ft. Sin. 
long by 2ft. Sin. wide over the frame. It has 3 standards, to 
which are fixed lin. angle iron bearers 3ft. long to support the 
ends of the brick pallets. For bricks on edge these bearers are 
spaced 7 in. apart and 7 high on a car. The pallets are placed 
3 wide, each carrying S to 10 bricks. The capacity is thus 
from 336 to 420 bricks. 



Fig. 118. 
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For bricks flat the bearers are spaced 4in. to 5in. apart and 
12 high on a car. Each pallet will carry 6 bricks, and the car 
capacity is therefore 432. Fig. 119 shews this latter type with 
two additional standards, making five in all. It is constructed 
to take the bricks from a moulding machine such as the 
" Norris," which moulds three bricks at once. 



Fig. 119. 

The rack car of these American and English types may be 
loaded from either side. The pallet being placed on the angle 
iron bearers at the loading side, is loaded with the requisite 
number of bricks and then pushed along the bearers to the 
further side. A second pallet then takes its place and is 
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similarly loaded and pushed up to the first. The third com- 
pletes the number in the row, and the next tier is proceeded 
with similarly. 

When bricks have to be hand-loaded on to a car, as is nearly 
always the case, this method of loading is as easy, if not easier, 
than that adopted on the double-deck car. The first cost, 
however, of rack cars and pallets is about 50 per cent, higher. 
There is no doubt that they are, for many reasons, much to be 
preferred. The bricks on a rack car may be in any condition 
of softness. They are more exposed on all sides to the action 
of the air and dry better in the centre part of the car. It is 
distinctly preferable to expose the brick broadside to the 
air current than endwise, though at first sight this seems 
contrary to reason. It is preferable to place a brick in such a 
way that the moisture dried out of it may rise into a space 
above it and be carried away by the air current, rather than 
that the current should come too much in contact with all the 
faces of the brick. The cost of the rack car is from £6 15s. to 
£y I OS. each according to the design. 

The rack car in use on the Continent is shewn in Fig. 120 and 
is of much smaller capacity. It has a standard at each end 
with cross bearers for the pallets placed on them only two wide. 

Though a small car is much to be preferred to a large one for 
convenience of handling, this form cannot be considered of 
adequate capacity. 

It is evident that the greater the capacity per track of a 
tunnel dryer the cheaper the first cost of the building con- 
struction for a given output. While, therefore, a large and 
heavy type of car is unwieldy for general use, it is not 
economical either in first cost or labour to adopt one with a 
lower capacity than 300 bricks. 

The Continental car illustrated has a capacity of 160 bricks 
only. The pallets placed lengthwise are 6 high and 2 wide, 
and carry each 16 bricks on edge. It is the form adopted in 
the German dryer of Moller & Pfeifer described above. Its 
cost is about £^ 5s. 

The Wolff Dryer Co. adopt cars of larger type throughout 
than those above described, their double-deck cars being loaded 
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with as many as 576 bricks. This is necessitated by the slow 
speed of drying in this system, which, with small capacity cars, 
would be more expensive to construct in comparison with 
others. 

A Wolff dryer 120ft. long contains 15 cars per track, or 8,640 
bricks. 



Fig. 120. 

The narrow type of double-deck car above described would 
number 16 in a similar length, carrying an average of 6,048 
bricks. 

The rack car of similar dimensions would give an average 
<:apacity of 5,376 bricks, set on edge. 

The cars of all types should be constructed of steel through- 
out, riveted rather than bolted together wherever possible. 
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They should be provided with roller bearings and best cast- 
steel wheels. This last feature is important, though not usually 
observed by English makers. Cast-iron wheels on any form of 
railway car are to be strongly condemned. 

The wheel is usually 12 inches in diameter, the wheel base 
3ft. 6in. and the rail gauge 2ft. 

If a somewhat shorter car than the usual type is adopted, for 
instance, 5ft. 9in. over all instead of 6ft. 9in., the gauge may be 
20 inches and the wheel base 2ft. The car can then be used 
on a 20-inch gauge line and turntables, and will pass much more 
easily round curves and over switches. The cars are rather 
more expensive in total cost in such size, but are much more 
convenient for general use. They will hold about 300 bricks 
each, and the tunnels need not be wider than 3ft. or 3ft. 3in. per 
track. 

Transfer Cars. 

Two methods are in use for transferring the dryer cars froni 
the tunnel tracks to the main track leading to the kiln. 

In England and America the usual method is by means of 
the transfer car and transfer track. The car is illustrated in 
Fig. 121. 

At each end of the dryer a rail track is laid in a trench trans-^ 
verse to the direction of the tunnel tracks, the difference in. 
level of the tracks being about 7J inches. 



Fig. 121. 
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On this track 'runs the transfer car, the platform of which is 
provided with a transverse pair of rails 4ft long, of the same 
^auge as the tunnel tracks. 

This car may be placed so that the rails on it correspond to 
any one of the tunnel tracks. On receiving the car of dried 
bricks it is pushed on its track till opposite the main line of 
xails leading to the kiln. 

Loading of the tunnels with wet bricks is, of course, arrived 
at in the reversal of these proceedings, on the transfer car at 
the cool end. 

Transfer tracks are shown in position in Fig. 93. The 
transfer car costs about ;^8 los. od. 

Turntables. 

A second method of transfer is by means of turntables. The 
main lines of rails to and from the dryer are laid transverse to 
the tunnels. These lines are interrupted by fixed turntables 
•either one for each track or one for every two tracks. The 
iatter arrangement is shewn in Fig. 97. 

The turntables for this cost £/] each, so that for any dryer up to 
-four tracks the expense is approximately the same with either 
method. The turntable method is much to be preferred, as the 
transverse track may be continuous with the other tracks on the 
works, and does not interrupt or interfere with the general lines 
of traffic. The cars also are more quickly and more easily 
manipulated on the turntables than on the transfer cars. 

Climbing Turntables. 

If it is desired to avoid expense, a very useful device is the 
portable climbing turntable, one of which at each end of the 
tunnels will suffice. 

With this the dryer tracks will be run right up to the main 
track, which is continuous. The climbing turntable is laid upon 
this main track with sloping runners leading down on to the 
rails in three directions. Two sets are in one line with the 
main track, and the third leads down on to the tunnel track. The 
rise off the rails on to the turntable is only about three inches, 
and is no appreciable drawback to its use. 
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It is only necessary to slide the turntable along on the rails- 
of the main track to bring it into use for the next, or any other,, 
dryer track. 

These turntables cost about £s i^* each for tracks of 20-in. 
gauge. 

Rails. 

The rails used in drying tunnels should weigh not less than* 
I4lbs. to the yard, and corrugated steel sleepers with well- 
designed clips and bolts are to be given preference over any 
other form of support. 

If the tunnels have a sheet iron floor the plates may be 
punched to suit the gauge and the rails may be bolted to the 
plates. Fishplates, though not absolutely necessary, are such 
a small item of expense that it is well to use them. Small 
economies which may be made in these items are not to be 
recommended, as one breakdown through defective fixing will 
cost more to put right than the amount of the saving effected. 
The question of gauge must be decided according to individual 
opinion and the size of car adopted. The 2oin. gauge is by far 
the most convenient for general use in a brickyard but cannot 
be adopted for cars more than 2ft. 9in. wide. In general it may 
be stated that a 2oin. gauge track and a car about 5ft. 6in. long^ 
with 2ft. 6in. wheel base is more workable than any larger 
combination. 

Slope. 

The question of slope of the rail level is to be determined 
according to circumstances. There are drawbacks in adopting 
a slope at all, and the Continental engineers do not do so. If 
adopted it should be from i to 80 to 1 in 100. If too great there 
is risk of accident, and if too slight mechanical assistance is 
frequently necessary to propel the cars. 

Pushing Apparatus. 
As dryer cars are rarely, if ever, coupled, it is necessary to- 
provide for pushing them through the tunnels, and two methods 
may be described — one manual, by means of a winch, and the 
other mechanical, by means of the automatic pushing apparatus 
mentioned in connection with the Continental inventions. 
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The former may be conveniently arranged as shewn in 
Figs. 122 and 123. A pulley block A is fixed in the floor of 
each track a few feet in at the cool end, just below the level of the 
rails r. From a hook placed over the rear buffer of the car F, 
which is to be introduced into the tunnel T, a steel wire rope / 
passes over the pulley A, under the door sill and round a second 
pulley B, placed horizontally. 
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This changes the direction of the rope so that it now passes 
under the outer rail to a third pulley C, placed vertically, and 
then round the winch D. 

When the car is thus drawn into the tunnel a dry car is at the 
same time pushed out at the other end. The rope and hook 
after use are left within the tunnel till required for the next 
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operation. Any number of ropes may be guided in this way to 
the same winch. 

An apparatus of this kind is usually required at times, even 
with a considerable slope, as one or more cars may at any time 
become set in some way so that those behind it are prevented 
from moving forward when a dry car is withdrawn. 

Details are not readily obtainable of the mechanical pushing 
apparatus, but the principle of it is shewn in Figs. 124 and 125 
in diagram. With the requisite mounting, which is omitted in 
the drawings for clearness, this would prove a satisfactory 
arrangement. 

The pulley A on a countershaft actuates a straight belt d> 
and a crossed belt ^^, both of which are shewn running on 
loose pulleys on each side of the fast pulley B. 

If «^ is shifted on to B, the train of gear B, C, D, E, is put in 
forward motion ; if «^, then in backward motion. The pinion 
D^ on the last shaft D actuates a long ratchet E, which may be 
attached to the car F by means of a chain or rod / 

In the position shewn the apparatus is prepared to push the 
car F into the tunnel T, and this operation is started by pushing 
the belt dS on to the pulley B by a hand lever (not shewn). 

With a speed of 200 r.p.m. on the pulley A, the operation will 
be completed in 20 seconds, the ratchet E having travelled the 
length of one car. 

At this moment the pin e on the under-side of E will engage 
the pin ^^ on the reversing lever G, and will draw this lever 
along with it a short distance. G in its turn actuates the crank 
lever G^ which is pivoted at h^ and in this way the automatic 
belt lever carrying the guide H will, with the one motion, push the 
belt c^ on to the loose pulley again and draw the belt <i^ on to 
the fast pulley B. 

The crossed belt c^ is thus brought into action and the train 
of gear draws the ratchet E back to its original position. Near 
the end of the travel the pin e engages the pin g^ on the 
reversing lever G, with the result that the belt guides H push 
the belt c^ off the fast pulley B on to the loose one, and the 
whole apparatus comes to a standstill in the position shewn in 
the figures. 
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Such an apparatus dispenses with the necessity of a slope 
in the level of the tunnels. It would cost upwards of ;^ioo 
complete for a four-track dryer. 

General Construction. 

It is usual to construct the outer walls of 9in. brickwork, and 
the roof of cement concrete. In many cases, too, sheet iron 
counterbalanced sliding doors are used. 

It is interesting in this connection to study the two following 
tables, shewing (i) the conductivity of different materials, 
(2) the amounts of heat which some transmit per hour for each 
degree in difference of temperature of the air on the two sides 
of them, for every square foot of surface : — 

Table VIII. 



Gold 




i6-oi 


Concrete 


•08 


Iron 




5-82 


Sand or earth 


•056 


Lead 




2-91 


Cork 


•03 


Marble ... 




•62 


Wood boards 


•02 


Glass 




•17 


Sawdust 


•014 


Brick 




•13 
Tabl 


Cotton wool 

E IX. 


•007 


A 4lin. brick wall 


... -46 


A door 


•52 


„ 9in. „ 


j> 


... '37 


One-inch boards ... 


•42 


» I3iin. „ 


j> 


... -27 


Pasteboard ... 


•62 


„ I Sin. „ 


)» 


... -23 


Timber framing filled 




„ window 


.. 


... 78 


with earth 


•10 



The first table gives the absolute conductivity, which means 
that the number given is the amount of heat in British Thermal 
Units which will be transmitted in one hour through a square 
foot surface, one foot thick, if the temperature is one degree F. 
higher on one side than the other. 

If the thickness is less, more heat will be transmitted, and 
also if the difference in temperature is greater ; in both cases 
the quantity being proportional. 

This is expressed scientifically by the formula : — 
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where Q is the quantity of heat, k the absolute conductivity, 
a the area of surface in square feet, ^ and /^ the temperatures 
on the two sides, and / the thickness in feet. 

The second table gives the heat transmitted through certain 
forms of construction, when in contact with air on both sides, 
The quantity must be increased by 30 to 50 per cent, on 
windy days or if the surfaces are much exposed. 

An example of the application of these figures to practice 
may be taken as follows : — 

Suppose a dryer looft. long with gin. brick walls 6ft. high, 
with an earth-covered roof 15ft. wide. Suppose it heated 
uniformly and continuously inside to a temperature of 130° F., 
while th(B air outside is at 50" F. 

Then by the formula — 

Walls Qi = '37 X 1,200 x 80 = 35,520 B.T.U. 
Roof Qa = 'lo X 1,500 X 80 = 12,000 B.T.U. 

Total loss of heat per hour, 47,520 B.T.U. 

This is about the amount yielded by the consumption of 
4i lbs. of coal, and corresponds to the loss of i cwt. per day. 

With I3iin. walls the loss would be reduced by 9,600 B.T.U. 
per hour, or one-fifth of the whole. 

With a cement concrete roof the loss would be increased by 
about 6,000 B.T.U. 

The loss through sheet-iron doors would be very large, though 
it is limited by the rate at which the external air can carry off 
the heat. Wood doors should therefore always be used. 

A practical illustration of the amount of heat which passes 
through the roof, is seen in the case of the Bucyrus dryer 
(American Clayworking Machinery Co.). In this, in its con- 
tinuous form, the ceiling is covered with earth, and air is 
admitted into the space between the ceiling and roof and 
passes thence into the tunnels. It becomes warmed to about 
80° F. at the hot end. 

The amount of heat (Q2) shewn to be transmitted under such 
conditions in a four track dryer would warm up a volume of 
about 400 cubic feet of air per minute from 50° to 80". 

The general deductions from these figures are that 13 Jin. 
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walls are advisable, and may be further improved by forming 
2-in. hollow spaces in them ; that the best covering is formed 
by match-boards covered with sawdust, and that the doors 
should be of thick wood. 

Galvanized corrugated iron may conveniently be used as an 
outside roofing over the sawdust. 



CHAPTER IX. 



Cost of Installation. 

As a guide to the cost of installing tunnel dryers, the following 
estimates for different systems may be of use. 

In every case a four-track dryer is given, and its capacity, if 
provided with double deck cars loaded nine high. In the case 
of the Moller and Pfeifer dryer the capacity is that with the 
German type of car. 

I. Blackman.— Simple typical form with slab heater. 
Tunnels 120ft. long. Capacity 24,000 bricks : — 

95 cubic yards brickwork. 

8 „ „ firebrick. 
55 „ „ cement concrete. 

li tons steel joists ; 4 pairs of doors ; car decks. 
Furnace fronts, firebars, 48in. fan, rails and cars, for a sum 

of ;£45o. 

Estimated cost per 1,000 bricks capacity, £^0. 

II. Blackman or Sutcliffe. — Simple typical form with 
tubular steam heater. Same length and capacity : — 

75 cubic yards brickwork. 
40 „ „ concrete. 
li tons steel joists ; 4 pairs of doors ; car decks. 
Tubular steam heater, 48in. fan, fittings, rails, and cars for a 
sum of £62 S» 

Estimated cost per 1,000 bricks capacity, £^$. 
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III. American Blower Co.— Simple typical form with 
iheating apparatus (lin. tubes). Same length and capacity : — 

Brickwork, concrete, joists, &c., as last. 
Heating apparatus, fan with coupled engine, fittings, rails and 
•cars for a sum of £Sso, 

Estimated cost per 1,000 bricks capacity, £4$. 

IV. Blackman. — Efficient form with combination of waste 
kiln gases, and tubular steam heater, with flue beneath track 
<:overed with iron and flue above ceiling. Same length and 
•capacity : — 

'1 20 cubic yards brickwork. 
40 „ „ concrete. 
2 tons steel joists. 
4 „ sheet-iron floor and ceiling. 
Doors as usual. Car decks. 
Tubular steam heater, fan, &c., as before for a sum of ;£625. 
Estimated cost per 1,000 bricks capacity, ;^4o. 

V. Wolff. — With 30ft. tempering chamber and 98ft. drying 
-chamber. Capacity, 39,000 bricks : — 

1 10 cubic yards brickwork. 
780 „ feet timber framing. 
6,250 square feet lin. boarding. 
3,200 „ „ roofing material. 

16 sliding doors ; 6 windows ; car decks. 
Complete pipe heaters, fittings, valves, pump, rails and cars 
for a sum of ;£8oo. 

Estimated cost per 1,000 bricks capacity, £^2, 

VI. BucYRUS Dryer (in its continuous form).— Tunnels 
:80ft. long. Capacity 22,000 bricks :— 

85 cubic yards brickwork. 
50 „ „ earth filling over ceiling. 
250 „ feet timber framing. 
4,400 square feet lin. boarding. 
2,200 „ „ roofing material. 
4 pair doors. Car decks. 
Complete pipe heaters, fittings, valves, pump, rails and cars 
for a sum of £ss<^* 

Estimated cost per 1,000 bricks capacity, £^S' 
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VI I. MOLLER & Pfeifer.— Tunnels 174ft. long. Capacity 
20,000 bricks : — 

460 cubic yards brickwork. 
5,400 square feet roofing material 

6i tons steel joists. 
Doors. Car pallets. 
Heaters (41 tons), fans, fittings, rails and cars for a sum of 
about ;£i,5oo. 

Estimated cost per 1,000 bricks capacity, ;£i25. 
VIII. Brown.— Tunnels 136ft. long. Capacity 31,000- 
bricks : — 

200 cubic yards brickwork. 
2,350 square feet roofing. 
3 tons steel joists, 
li tons sheet-iron. 
Doors. Car decks. 
Heaters, fan, fittings, rails and cars for a sum of about ;£ 1,000, 
Estimated cost per 1,000 bricks capacity, £\i. 

The cost of installation must also be viewed from the points 
of view of output, efficiency, and suitability to the material to- 
be dried. 

Thus, for instance, with a clay which may be dried in 24 hours- 
or less, the estimates L, II., III., IV. and VI. represent the 
cost per 1,000 bricks dried per day. 

Estimate V., however, for the Wolff dryer does not stand, for 
bricks are not dried in it in less than two days, which brings the 
comparative cost per 1,000 dried up to ;£66, if a tempering 
chamber is used. 

On the other hand, such clays may be dried in the Moller & 
Pfeifer tunnel in 16 hours (Estimate VII.), which brings dowa 
the comparative cost per i ,000 dried to ;^83 on this system. 

Further, it is evident that if a clay takes three days to dry in. 
any of the systems I. to VI., the estimate must in each case be 
increased to three times the amounts stated. Here again,. 
Moller & Pfeifer probably have the advantage of a reduction,, 
for they assert that the most tender clays may be dried in one 
day in their system. 

If their assertion is actually proved, then their system is 
cheaper in first cost for this class of material than any other. 
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In this connection it is as well, perhaps, to tabulate the in- 
stallation cost of a series of the drying systems described in 
this treatise. In order to render the tables uniform, the in- 
stallation cost stated is that incurred per million bricks production 
per annum. 

Table X. 
With Summer working only, 

1. Common stock brick hacks without loo- 

boards 

2. Do. do. with loo-boards 

3. Erected hack roofing with loo-boards... 

4. Do. do. with hinged shutters 

5. Un warmed sheds with racks 

Working all the year round, 

6. Sheds over Hoffman kilns, simple form 

7. Sheds with coke-heated floors 

8. Do. with steam-heated cement floors* 

9. Shed with racks warmed by steam pipes 

10. Hooper & Co.'s floor 

11. Keller's dryer 

12. Schaafs dryer 

Table XI. 
Progressive Tunnel Dryers, 



' £ 


Area 
covered. 
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The actual cost will be greater than here stated if a dryer of 
less than four tracks be constructed. 

It will be evident at once from these figures, that, considering^ 
the small space occupied and the independence of weather 
conditions, the tunnel dryer must be the dryer of the future, 
wherever it is successfully applicable to the class of goods to be 
manufactured. 

Cost of Working. 

Turning now to the working cost of tunnel dryers, it is 
necessary in calculating the cost of labour to decide the number 
of hands required for a production of, say, 20,000 bricks daily 
from the moulds or cutting table to the door of the kiln. 

This is a medium production and may be obtained with 
certainty from a five-track dryer of almost any design. 

Two men or strong boys can load this quantity on double- 
deck cars in ten hours and two men can wheel the cars to the 
dryer and wheel away the dry cars to the kiln. 

The labour of serving the dryer, therefore, is from lod. to is. 
per 1000. This is, of course, increased for a smaller production 
and decreased slightly for a larger. 

In addition to this the cost of a stoker at night should,, 
strictly speaking, be added, but wherever continuous kilns are 
in use (as in these days they always should be) the night burner 
can quite well attend to the dryer. In such cases id. per i,ock> 
would cover cost of labour at night, and where intermittent 
kilns are used, 2d. per 1,000. 

The cost of power must be considered in all systems where 
fans are used. It amounts to about 2d. per 1,000 in the systems 
mentioned, except in the Moller & Pfeifer, in which it must be 
put at 4d. per 1,000. The steam power for the fans is supposed 
to be provided by the main boiler which also furnishes the live 
steam for night working. The exhaust steam from the faa 
engine should also be made use of in the dryer. 

Fuel cost varies from 8d. to is. 3d. per 1,000 according to the 
system adopted. These figures presume coal at 12s. 6d. per ton^ 
and the use of exhaust steam by day and live steam at night- 
The bricks also are taken to contain ilb. of water, and if they 
contain lilbs. the fuel cost will be increased 25 per cent. 
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Putting these items together it appears that from is. 8d. to 
2s. 6d. per i,ooo is the entire working cost of drymg the bricks 
in tunnel dryers under the conditions named. These figures 
may be compared with those stated (p. 32) for hack drying, 
3s. 3d. to 3s. 6d. per 1,000, while drying on a steam floor 
may be put at 3s. to 3s. 3d. per 1,000 for labour and fuel. An 
immense further advantage in the use of tunnel systems is 
evident, for the bricks are loaded direct on to the cars at the 
machine and are not damaged in any way by handling or 
accidental injury before reaching the kilns. 

Night Working. 

Strictly speaking, all continuous dryers should be worked 
continuously, that is, bricks should be introduced wet and 
withdrawn dry at regular intervals day and night. 

In practice this is not convenient unless the output is very 
large. It necessitates also an additional number of cars which 
require to be loaded during working hours and put aside for 
night use. 

The difficulty can be met only by supplying less heat and 
ventilation at night and more during the day, but it is in any 
case worth while to have two or three extra cars per track, 
which can be left in a convenient position so that the burner or 
stoker can put them into the tunnels at night. 

Manufacturers frequently make objection to the systems 
employing fans because of the power required and of the fact 
that the fans must be kept running at night. This objection 
has no real existence in fact, because, as explained above, the 
kiln burners may and do take charge of the dryers at night. 
Moreover, wherever steam is used, no matter in what form of 
dryer, it is necessary to have a night stoker always employed 
He may take charge of the fans at the same time as the boiler. 

Importance of the Subject. 

Onp word in conclusion may be of value in emphasising the 
importance of giving very careful attention to the subject of 
" Brick Drying" in all brick works. 

It is a subject which has received very inadequate study until 
quite recently, but the growth of large works and the increasing 
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cost of labour at the present time render it imperative to give 
serious thought to it. .It is seldom realised that dryers, no 
matter of what type, are in many cases more costly to install for 
a given output than kilns or machinery. The figures given in 
Tables X. and XL show that the cost of installing dryers for 
an output of 3,000,000 bricks annually, working all the year 
round, is from ;^6oo to ^1,200, according to the system adopted 
and the nature of the clay to be dried. 

The most expensive type of kiln does not cost more than 
;^ 1,000 for the same output. 

For an output of 6,000,000 annually the dryers will cost from 
;£i,ooo to ^2,000, whereas a kiln for the same output could be 
built for about ;^ 1,600. 

Again, it is rarely realised that the fuel expenditure on 
artificial drying, except with the most efficient dryers, is nearly 
as large as that on burning in continuous kilns. This is due to 
a haphazard way of taking measurements of it, for the manu- 
facturer will usually tell an enquirer that his exhaust steam will 
do all the drying with the assistance of only a load or two of 
coal for keeping the boilers under steam at night. The con- 
sideration of back pressure on the engine and of the cost of the 
" load or two '* used at night is neglected, but can easily be 
shewn to be of great importance. 

It has been endeavoured in this treatise to put the whole of 
the facts as at present understood on the subject of ** Brick 
Drying" in such a way as to enable the manufacturer to com- 
prehend ,the essential scientific features and the practical 
difficulties of it, so that he may be in some measure competent 
to form an independent judgment as to the type of dryer most 
suited to his class of trade. 

It has, of course, been impossible to go more deeply into the 
merits of individual dryers, but every endeavour has been 
made to obtain information of a trustworthy nature and to 
supplement it by impartial critical examination of the scientific 
conditions obtaining in each case. 
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TEES QUARRIES 

20,000 20,000 

per day per dtiy 

with density Vastly 

and smoothness superior and 

impossible cheaper than 

by any by any 

other process. other process. 

MULTIPLEX VERTICAL. TILK AND QUARRY PRESS. 



SBMI-DRY BRICK PRESS. SINK PRESS. 

presses make sinks up t 
I a single clot of clay. £. _^ 
and cheaper than by hand. 



Makes a perfect brick, gives top and These presses make sinks up to any size 

bottom pressures. from a single clot of clay. Superior 



Nuneaton Engineering Co., 

NUNEATON, ENGLAND. 
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BECKER'S PUG MILL 



FOR 

GRINDING 

AND 

MIXING CLAY. 

fr Made in two slzes.^ 



Output per hour : — 
•wheel for hand driving, 3 J cwts. 
"ast and loose pulley |;.for belt 
~ ~ driving, 5 to 5i cwts. 

Size II. — 9in. barrel, fitted with fast and loose pulley for belt driving ; 
output per hour, 16 to 20 cwts. 



Patent Stone Separator 

WITH GRIMDING AND MIXING MILL. 



R. BSCKSR Sc CO., 

50, Riuington St., Curtain Road, London, E.C. 
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LATEST AND MOST IMPROVED 

BrickmaMng Machinery. 



PLASTIC WIRE-CUT SYSTEM. 

Single Machines of a Capacity from 10,000 to 
80,000 Bric/fs per Day. 



STIFF-PLASTIC SYSTEM 



Brickmaking, Pressing and Re^pressing. 



GRINDING PANS, CRUSHING ROLLERS, and all 
BRICKYARD ACCESSORIES. 



Catalogues on Application. 



JAMES BUCHANAN & SON, 

LIVERPOOL, N,„.Googk 
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Telephone 722. TeL Add.: *<FAWCJB:TT, LBBDS." 

THOS. C. FAWCETT, 

LIMITED, 

MAKERS AND PATENTEES 

OF 

MACHINERY 



FOR 



MAKINQ BKICKS, 
TILES, 

SANITABY TUBES, 
and BETOBI^S. 



We make Machinepy to work all kinds 

of Clays, Shales, etc., and every Bpick- 

yapd Requisite, 

ILLUSTRATED CATALOGUE ON APPLICATION. ^ 
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It Pays 




Associated Portland Cement 

Manufacturers Co., Ltd. 
HeatherBrick & Terra-Cotta Co. 
Nelson & Co., Stockton. 
The Arlesey Brick Co. 
Cambridge Brick Co. 

Kinson Pottery Co. . nCMMIO 9 
London Brick Co. / L"' DLNNIo & 



Carter^Bros. / CO., LTD. 

to / BOLTON. 



STOKERS. 
CONVEYORS. 

ELEVATORS. 



BENNIS STOKER, 



It will pay you. 
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RAILS! RAILS! RAILS! 



SEND YOUR ENQUIRIES FOR 

RAILS AND ACCESSORIES 



TO 



M. T. DeVILLE, 

Iron, Steel and Rail Merchant, 

S6b, CARTER KNOWLE ROAD, 
SHEFFIELD. 

Telegrams: "DEVILLE, SHEFFIELD.'* 



'Tfte Brimi) Clapu)orker/' 



ESTABLISHED 1892. 



The Organ of the Brick, Tile and 
Pottery Trades. 

Read by every English-speaking Clay worker at home and abroad. 
Price, 78. per annum ; single copies, 8d. 



Editorial and Publishing Offices— 

**CLAYWORKER'^ BUILDING, 43, ESSEX STREET^ 
STRAND, W.C 

Digitized by VjOOQIC 
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R. SCHOLEFIELD, Borley Yale Hills, Kirkstall Ril.,LGEDS. 



6 
H 



T^HIS Machine is suitable for making bricks of a stifF-plastic character from Shales 
"^ Binds, Colliery Waste, Marls, Clays, etc. It is simple, effective, and replete 
Tvith all the latest improvements in this class of machine, and well merits attention. 
The simplicity of its design is the result of many years' experience, and where a 
good, first-class fancy or engineering brick is required, this machine will be found 
equal to it. 

BRICK, PIPE AKD TILE MAKIKG 
MAGHIKERY. 

PUGMILLS, PRESSES, 

CUTTING-OFF TABLES. 

For Steam, Animal or Hand Power. 

ENQUIRIES SOLICITED. 

E. PAGE^ & CO. 

(THE BEDFORD IRONWORKS Co.), 



^6'"^ 
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HACK GAPS. HACK GAPS. HACK CAPS. 

A SPECIALITY. 

Thie Largest WIslI^gv in t hie Kingdom. 
ALSO MAKER OF 

Crowdingr, Off-Bearingr, and Navvy Barrows, 

Strikes, Pallet Boards, Hack Boards, Sleepers, 

and other Brickyard Requisites. 

ESTIMATES GIVEN ON RECEIPT OF SPECIFICATION. 

TIME IS MONEY. 

NO WAITING. 

For Sample Hack Cap forward i/- in stamps. 
Write for Prices and Particulars to 

H. BLACKNELL, Postal Box & Hack Cap Manufacturer, 

Telegrams: "Blacknell, Fleet, Hants." 

Bpickmakeps' Appliances. 

BOWER & CO., 

lengineers, 

i6ayM Works, London Road, 

SITTINGBOURNE, 

. . KENT. 

Sole Proprietors^ Patentees, and Manufacturers oj 

BOWER'S PATENT SOLID CORNER BRICK MOULDS. 

(Awarded Silver Medal at Inventions Exhibition, 1885.) 

Improyed Patent Stocks and Adjustable Bedplates, Brickfield 
Barrows, etc., Tramway Trucks, Carts and Waggons, Pug Mills, 
Wheeling Plates and Rails, Hack Covers, Lew Boards, Pallet 
Boards and Strikes, Strike Bowls, Cuckholds, Scoops, Sieves, 
Screens, and all Brickmaking requisites. 

Enquiries solicited for — 
Wash Mills, Slurry Pumps, Slurry Wheels, Well Pumps, Elevators, 

* Harrows, Shafting, etc. Eddington Patent Brick Machines. 
Complete equipments or portions only will be estimated for upon 
receipt of requirements, -u uy ^^v^v^-i l^ 
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Telegrams — 
"CUNEATIC, LONDON.'* 

Telephone— 
5991 BANK. 



ORENSTEIN 



& KOPPEL, 



Bush Lano House, CANNON STREET, 

LONDON, E.G. 

WORKS 
TRAMWAYS 

EQUIPPED 

COMPLETE. LARGE 

STOCK OF 
STANDARD 

CATALOGUES IJ*""'*^ 

*"" LONDON. 

ESTIMATES _ 

FREE ON 

APPLICATION. 

RACK CARS. 



ROLLER 

BEARINGS. 

5^215 ^4105 
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